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Cjbe Commoniucaltl) of Massachusetts 

Chapter 49, Resolves of 1919. 

Resolve providing for an Investigation by the State Department 

of Health and the Metropolitan Water and Sewerage Board 

RELATIVE TO WATER SUPPLY NEEDS AND RESOURCES AND TO THE 

Use of Great Ponds. 

Resolved, That the state department of health and the metropolitan 

water and sewerage board, acting jointly, shall forthwith proceed to inves¬ 

tigate the water supply needs of the inhabitants of the commonwealth, 

including all questions relating to the quantity of water to be obtained 

from available sources, its quality, the best methods of protecting the 

purity of the water, the construction, operation and maintenance of works 

for storing, conveying and purifying the water, the cost of the same, the 

damages to property, and all matters pertaining to the subject. The 

said board shall also consider and report whether any of the great ponds 

now used as sources of water supply might better be devoted to purposes 

of public recreation, and shall determine the extent to which boating, 

fishing or other use of any such sources may properly be authorized. The 

said board shall have power to employ such engineering and other assist¬ 

ance and to incur such expenses as may be necessary for carrying out the 

provisions of this resolve, and shall report fully with plans and estimates 

to the general court on or before the first Wednesday in January in the year 

nineteen hundred and twenty-one, including in its report drafts of any 

legislation recommended by it. Before incurring any expense the board 

shall, from time to time, estimate the amount required therefor, and shall 

submit the same to the governor and council for their approval, and no 

expense shall be incurred beyond the amount so estimated and approved. 

[Approved June 24, 1919. 

Chapter 42, Resolves of 1921. 

Resolve relative to the Investigation by the Department of Pub¬ 

lic Health and the Metropolitan District Commission rela¬ 

tive to Water Supply Needs and Resources and to the Use of 

Great Ponds. 

Resolved, That the time within which the department of public health 
and the metropolitan district commission shall present to the general court 

the report required by chapter forty-nine of the resolves of nineteen hun¬ 

dred and nineteen, relative to the water supply needs and resources of the 

commonwealth and to the use of great ponds, is hereby extended to the 
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second Wednesday in January in the year nineteen hundred and twenty- 

two, and shall include therein a report of the availability, as sources of 
water supply, of water obtained through systems of filtration. In making 

said report a system of filtering the waters of the Merrimack river and 

other streams, as well as the employment of artesian wells, shall be con¬ 

sidered as among the available sources of water supply to be reported 
upon. [Approved May 9, 1921. 



REPORT OF THE STATE DEPARTMENT OF PUBLIC 
HEALTH AND THE METROPOLITAN DISTRICT 

COMMISSION UPON THE WATER SUPPLY 
NEEDS AND RESOURCES OF THE 

COMMONWEALTH. 

January 28, 1922. 

To the General Court of Massachusetts. 

In 1919 the Legislature, by chapter 49 of the Resolves of 

that year, committed to the State Department of Health and 

the Metropolitan Water and Sewerage Board, acting jointly, 

the task of investigating the water supply needs of the inhabit¬ 

ants of the Commonwealth, including all questions relating to 

the quantity of water to be obtained from available sources, 

its quality, the best methods of protecting the purity of the 

water, the construction, operation and maintenance of works 

for storing, conveying and purifying the water, the cost of the 

same, the damages to property, and all matters pertaining to 

the subject. The Joint Board was further ordered to consider 

whether any of the great ponds now used as sources of water 

supply might better be devoted to purposes of public recrea¬ 

tion, and to determine the extent to which boating, fishing or 

other use of any such sources may properly be authorized. 

In 1921 the Legislature, by chapter 42 of its resolves, extended 

the time for making the report, and amplified the investigation 

so as to include “the availability, as sources of water supply, 

of water obtained through systems of filtration ... a system 

of filtering the waters of the Merrimack river and other streams, 

as well as the employment of artesian wells ...” We have 

conducted these investigations and now submit the following 

report. 

The resolve of 1919, under which the investigation has been 

conducted, was so broad that it was necessary to place a limit 

on the extent of the studies made, corresponding to what could 

be accomplished within the appropriation available. 
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Organization of the Joint Board, as we shall for convenience 

call ourselves, was effected July 3, 1919. Dr. Henry P. Wal¬ 

cott, then chairman of the Metropolitan Water and Sewerage 

Board, was chosen as chairman, Mr. X. H. Goodnough as 

secretary and engineer, and Mr. Frederic P. Stearns as consult¬ 

ing engineer. A few months later several important changes 

occurred which affected this organization. Dr. Walcott, who 

had given eminent service to the Commonwealth for more than 

a generation, resigned in November, and Mr. Stearns died on 

December 1. On December 1, 1919, the newly constituted 

Metropolitan District Commission assumed the functions of the 

Metropolitan Water and Sewerage Board. Dr. Eugene R. 

Kelley, Commissioner of Public Health, has served as chairman 

since the resignation of Dr. H. P. Walcott. Mr. X. H. Good¬ 

nough has been the chief engineer of the Joint Board in active 

charge of the investigation; his principal assistant has been Mr. 

Bertram Brewer. Mr. J. Waldo Smith, eminent in his profes¬ 

sion and well known for his work as chief engineer of the New 

York Board of Water Supply, in connection with the Catskill 

Water Supply of that city, has been the consulting engineer. 

Dr. Henry P. Walcott very graciously consented to act as an 

adviser to the Joint Board. Advice has been received from 

Prof. W. O. Crosby and Prof. Charles P. Berkey on matters 

of geology, and from Mr. Harry W. Clark on water filtration. 

Mr. Charles T. Main has been consulted on matters connected 

with water power, and Mr. Ralph A. Stewart on special legal 

questions. 

Because of unexpected delays, the Joint Board was unable to 

report in January, 1921, and asked the Legislature for an 

extension of time until the second Wednesday in January, 1922, 

which request was granted. 

The chief engineer has prepared an able report including 

computations and estimates of the water supply needs of the 

various communities, studies of water resources, maps, general 

plans for certain projects, financial statements, and other data 

pertinent to the investigation, which is herewith submitted, 

together with the report of the consulting engineer. Many 

other statistical data, computations, maps, plans, and the like, 

of great permanent value to the Commonwealth, omitted from 
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the report because of the expense of printing, are on file in the 

engineering office of the Department of Public Health. This 

report contains a summary of the recommendations of the 

Joint Board, followed by a brief discussion of the more impor¬ 

tant topics. 

Summary of Recommendations. 

1. Definite arrangements should at once be made for secur¬ 

ing an additional supply of water from the Ware River for the 

joint use of the Metropolitan Water District and the city of 

Worcester. 

2. A tunnel about 13 feet in diameter and about 12 miles 

long should be constructed from the Wachusett Reservoir 

westward to Coldbrook on the Ware River at an estimated cost 

of about $12,000,000. 

3. This tunnel should be used to divert the flood flows of the 

Ware River to the Wachusett Reservoir, securing an additional 

supply of water of about 33,000,000 gallons per day, in such a 

way as to interfere as little as possible with the mills on the 

lower Ware River. 

4. Provision should be made for pumping water from this 

tunnel into a stream which flows to Pine Hill Reservoir, now 

being constructed by the city of Worcester, or from the Wachu¬ 

sett Reservoir into the Worcester distributing system, as may 

hereafter be determined. 

5. The Swift River project, involving the construction of a 

great reservoir near Enfield, and connecting it with the Wachu¬ 

sett Reservoir by means of an extension of the tunnel to the 

Ware River, should be approved as the logical extension of the 

water supply system. 

6. The construction work on the approved project should be 

progressively developed as required in order to insure at all 

times an adequate supply of water to the Metropolitan District 

and to Worcester. 

7. Plans should be drawn for filtering the waters of the South 

Sudbury and Cochituate systems, now held as reserve supplies, 

keeping in mind the ultimate filtration of all of the metropolitan 

water supply. 

8. The South Sudbury and Cochituate filters should be con¬ 

structed when needed. 
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9. Efforts to prevent leakage and waste of water should be 

continued in order to conserve the present supply to the great¬ 

est possible extent. 

10. For the same reason the local supplies of the communities 

within the 10-mile radius and adjacent thereto should be de¬ 

veloped to their economical limit, using filtration if necessary, 

but keeping in mind the possibility of their ultimate abandon¬ 

ment. 

11. The construction of the proposed works should be en¬ 

trusted to the Metropolitan District Commission or to a special 

commission, as the Legislature may determine. 

12. A Southeastern Water District should be created to enable 

the cities of Fall River, New Bedford and Taunton, and such 

other cities and towns as may desire to do so, to develop the 

Assawompsett and adjacent ponds as a common source of water 

supply. 

13. Consideration should be given to the advisability of or¬ 

ganizing a similar water district in Essex County for the pur¬ 

pose of developing the Ipswich River by the construction of 

one or more large storage reservoirs for the joint use of the 

cities and towns in that part of the State. 

14. Consideration should be given to the advisability of 

organizing still another water supply district in Hampden 

County for the purpose of developing the Westfield River for 

water supply purposes. 

General Considerations. 

Massachusetts is a well-watered State. The rainfall is ordi¬ 

narily ample and well distributed through the year, although 

here, as everywhere, there are periods of surplus and deficiency. 

The natural conditions for storing water in reservoirs or in the 

sand and gravel beneath the earth’s surface are also good, so 

that it is not a difficult matter to convert the intermittent 

rainfall into a constant water supply. There is no reason why 

any city or town should have a deficient water supply if reason¬ 

able prudence is exercised in planning for the future. It is 

necessary, however, to make such plans and to have them car¬ 

ried out in anticipation of the relatively dry years which come 

at times no man can foretell. During the recent war period 
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construction of public works of all kinds has necessarily been 

restricted. It is all the more necessary that at this time the 

cities of the Commonwealth should look well to the future of 

their supplies, and not take chances justified during the war. 

While Massachusetts has abundant water resources, it must 

not be forgotten that there are other uses for water than those 

of public water supplies, — notably, uses for power develop¬ 

ment and for recreation. The streams afford necessary drain¬ 

age opportunities and the catchment areas cannot be given over 

entirely to water collection. Obviously there are many conflict¬ 

ing interests which must be adjusted. We believe that they 

can be adjusted satisfactorily if the water needs and resources 

are considered in a broad way, in a spirit of fairness, and with 

recognition of the possibilities which lie in modern science. The 

use of water for domestic purposes should be recognized as hav¬ 

ing the highest claim, but cities must strive to restrict waste 

and utilize trustworthy methods of water purification in order 

that existing supplies be maintained as long as economical 

considerations warrant their retention. The need of using 

water power in order to save fuel must be recognized, as well as 

the advisability of using gravity water supplies where econom¬ 

ical, in order to save the fuel required for pumping. Restric¬ 

tions on watersheds, in order to safeguard the quality of the 

water, should be sufficient for safety. The importance of utiliz¬ 

ing lakes and streams for such recreational purposes as boating 

and fishing and for the beautification of natural parks must be 

kept in mind, but the paramount necessity of protecting the 

quality of domestic water supplies against accidental infection 

by carriers of disease germs dangerous to the public health must 

be fully recognized. Nor must it be forgotten that there are 

certain interstate water relations which may sometime become 

of greater importance than is apparent to-day. 

The Use of Flood Waters for Water Supply Purposes. 

While domestic water supply is properly recognized as the 

most important use of a stream, the advantage of utilizing 

falling water for power is of great and growing importance. 

For many manufacturing purposes water is essential, and the 

use. of a stream for furnishing process water and for diluting 
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liquid wastes, even though partially purified, is an important 

one. When all, or nearly all, of the water of a stream is di¬ 

verted for water supply, the stream is often left in a sorry 

condition. Even if fuel power be substituted for water power 

and ample compensation made for the required change, there 

are incidental and intangible damages to the Commonwealth 

which ought not to be overlooked. A stream cannot be reduced 

in size without injuring the riparian communities and retarding 

their growth. 

In Massachusetts the streams have more or less regular 

periods of high and low flow. For several months the flow is 

larger than can be economically utilized, while for several 

months the streams are relatively dry. Both for water supply 

and power purposes uniformity is secured by building storage 

reservoirs. If the stream flows were the same year after year, 

it would be possible to build reservoirs of such capacity that 

practically all the water could be used and none wasted; but 

the flows are far from constant, hence it is not possible to build 

reservoirs to utilize all the water all the time. The economic 

size of the reservoir is dependent largely upon the value of the 

water. 

The adverse effect of the diversion of water from the lower 

portions of a stream is limited chiefly to the periods of low 

stream flow, while in the spring the natural excess of water is 

of little benefit and often is definitely injurious. 

Although the State of Massachusetts is well watered, the 

value of this natural resource is increasing and will continue to 

increase as time goes on. In planning for an increased supply 

of water for the Metropolitan District, the chief engineer has 

endeavored to work out a plan by which the flood flows will 

be utilized to a greater extent than has been customary in the 

past. To do this means the construction of reservoirs of larger 

size and greater cost. But by the storage of the spring flood 

waters, and by letting water out of the reservoir in proper 

amounts, it will be possible during dry weather to maintain the 

flows of the streams below the dams at their normal seasonal 

height. Hence the greater cost of the reservoirs will be to some 

extent offset by decreased damages to the downstream riparian 

owners who use the water for power and manufacturing pur- 
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poses. This idea may be called that of “ taking the flood flows” 

as compared with the practice of “taking the stream flow” 

heretofore common. It should enable the water supply re¬ 

sources of the State to be increased with a minimum of injury 

to the other users of water. We believe that the benefits of 

the plan are so obvious that the riparian owners ought to be 

willing to co-operate with the State in every possible way in 

making the plan a success. We believe that in general the mill 

owners want water, not money. 

We hold that the communities in the central part of the State 

should not be called upon to sacrifice their summer rivers 

for the benefit of the Metropolitan District when it is possible 

to utilize the spring flood waters which would otherwise go to 

waste. It is this thought which underlies the projects for the 

utilization of the Ware River, and ultimately the Swift River. 

General Policy of Filtration of Surface Water. 

It has long been the policy in Massachusetts to secure water 

supplies from unpolluted sources whenever they could be 

obtained, and to use natural protective measures to safeguard 

their quality. These natural safeguards have their limits. As 

time goes on, as the populations on the watersheds increase, it 

will be necessary to adopt the policy of filtering surface water 

supplies. Disinfection is a cheaper method, but is less reliable 

and more distasteful. Massachusetts waters are ordinarily 

clear, but some of them have a noticeable brown color, caused 

by the natural brewing of harmless organic matter in swampy 

areas. When stored in reservoirs, microscopic organisms, 

collectively known as algae and protozoa, develop erratically, 

and at certain seasons impart grassy, oily or fishy odors to the 

water. The fact that these substances are probably without 

effect on the health of persons drinking the water does not 

lessen the complaints of the average consumer. By filtration, 

supplemented by aeration and where necessary by chemical 

treatment, the surface water supplies of the State can be made 

not only safe but attractive in all respects and at all times. 

When the Wachusett Reservoir was built, about $2,000,000 

was spent in removing the soil from the flooded area in order 

to prevent the growth of microscopic organisms. Undoubtedly 
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this protective measure improved the quality of the water dur¬ 

ing the early years, but it did not wholly prevent the growth of 

organisms. New York City, when it constructed its Catskill 

supply, decided to depend upon filtration rather than soil 

removal, believing that money so spent would bring a better 

return from the investment. The filters have not yet been 

built. In planning the Swift River reservoir, the chief engineer 

has chosen to rely upon filtration rather than soil removal or 

chemical treatment. It may not be necessary to construct 

filters for this water in the near future, but we believe that the 

entire metropolitan supply must ultimately be filtered. 

The time is not far distant when some of the local water 

supplies of the Boston metropolitan area must be either filtered 

or abandoned. We believe that in these cases the decision 

should be made on economic grounds. The possibility of ob¬ 

taining satisfactory water by filtration should be recognized, 

but the advisability of continuing the use of supplies where the 

fuel costs of pumping and the cost of maintaining small filters 

with constant attendance are high must be considered and com¬ 

pared with the cost of obtaining a gravity supply from the 

common sources of the district. 

There is a constant and increasing demand on the part of the 

people of the State to utilize for pleasure purposes the natural 

and artificial bodies of water used as public water supplies when 

they are located near centers of population. Where dependence 

is placed only upon the natural protection which is inherent in 

the storage of water, it is our opinion that the practice of bath¬ 

ing, fishing and boating should be absolutely prohibited in 

bodies of water used directly as sources of water supply, for 

the reason that the danger to the public health overbalances 

the collective benefits to the bathers and fishermen. Where 

the water supply is filtered by a filter which has constant 

attendance, boating and fishing may be allowed under suitable 

restrictions. In the case of bodies of wrater used indirectly as 

sources of water supply, boating and fishing should be permitted 

under proper regulations. 

The following general principles should be considered as rep¬ 

resenting the Massachusetts policy for protecting the purity 

of her surface water supplies: (1) choice of unpolluted sources 
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as far as practicable; (2) utilization of the natural agencies of 

purification to the greatest practicable extent; (3) prevention 

of pollution by land purchase and by the enforcement of sani¬ 

tary rules and regulations; (4) filtration of water (a) when the 

population on the watershed is relatively large, (b) when it is 

desired to permit boating and fishing in the sources of supply, 

and (c) when the water is unsatisfactory in its appearance, taste 

or odor; (5) the choice of filtration and other purification 

methods to be governed by the nature of the supply, by cost 

considerations, and by the desire to produce a water hygien- 

ically safe, attractive in its appearance, tasteless and odorless, 

and without corrosive properties; (6) the combination of these 

various natural and artificial protective methods according to 

local conditions and economical considerations; (7) the storage 

of filtered water in covered basins as far as this is practicable. 

Use of Great Ponds. 

Without question the citizens of the Commonwealth have 

certain rights in the great ponds, but the people’s representa¬ 

tives have wisely acted on the principle that the highest use of 

all the inland waters is that of supplying water for domestic 

needs, and have placed the oversight and care of these waters 

in the hands of the State Department of Public Health. As a 

necessary protection of the public health, rules and regulations 

have been made by this department, governing such matters as 

bathing, boating, fishing and ice-cutting, which in some cases 

have seemed unduly severe. The policy has been to make a 

distinction between ponds and reservoirs used directly, — 

namely, those from wdiich the water flows into the pipes or 

aqueducts of the water works, and those used as auxiliaries to 

the direct supplies, applying restrictive measures to the former, 

but not the latter, or at least making the latter less severe. 

In viewr of the fact that most of the water supplies taken 

from great ponds are used wdthout filtration, w-e are of the 

opinion that the prohibition of bathing, boating and fishing, 

which are so likely to be accompanied by insanitary practices, 

is wise, and has been fully justified in cases wdiere the raw 

wrater is used directly. We think, however, that there are 

water supplies of the State, such as Lake Coehituate, where, 
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if the water were filtered under conditions assuring a regular 

and reliable degree of purification, boating and fishing under 

proper restrictions should be permitted in the interest of health¬ 

ful recreation, which we regard as a public benefit. 

It is our opinion, also, that even bathing in the great ponds 

would be an unappreciable menace to the public health if the 

water supply were not only adequately filtered but disinfected. 

Yet the idea of allowing people to bathe in water which is to 

be used for drinking offends the sensibilities of so many people 

that in our opinion bathing should be permitted under these 

conditions only with the consent of the communities using the 

water supply. 

The Boston Metropolitan Water District. 

The most important water supply problem of the State is 

that of the Boston Metropolitan District. According to the 

census of 1920 the population of Massachusetts was 3,852,356, 

one-half of which was within 15 miles of the State House. 

The cities and towns within the 10-mile radius, which now 

constitute the Metropolitan Water District, had a population of 

about 1,250,000. The growth of this region appears to be 

following the general law of population increase, — namely, an 

increasing annual increment but a lessening percentage rate. 

Between 1900 and 1910 the average rate of increase was 2.01 

per cent per year; between 1910 and 1920, 1.59; and between 

1915 and 1920, including the war period, 0.83 per cent. Esti¬ 

mates of future population are hazardous, for no one can 

foretell the future; yet it is necessary to make estimates in 

order to plan the size of water works required, and the safest 

way is to base them upon the past history of the district. The 

estimates made in 1895 were apparently somewhat too high, 

but with a longer record at our disposal, and with a better 

appreciation of the law of decreasing rate of growth, our present 

estimates ought to be more reliable. It is our opinion that 

there should be a water supply capable of supplying 1,500,000 

people in 1930, 2,000,000 people in 1950, and 2,500,000 people 

in 1970. 

We have given much study to the quantity of water which 

may reasonably be considered to fulfill the needs of the people 
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of the district. The engineer’s report contains the results of 

careful studies of the past water consumption. He has also 

brought together similar data for other American cities which 

are useful for comparison. The subject is one which has at¬ 

tracted the attention of engineers in all parts of the country, 

and from the data obtained certain general facts and tendencies 

appear to be well established. 

The first is that a very large proportion of the water supplied 

to our American cities is wasted through careless use or lost 

through leaks. The proportion of water wasted and lost in 

different places varies all the way from one-quarter to three- 

quarters. Just what it is in the Metropolitan District is not 

definitely known. Perhaps a third is a reasonable estimate. 

It is certain, at any rate, that the average per capita consump¬ 

tion is lower in Boston than in any other American city of its 

size. The losses through leakage occur in part in the distribu¬ 

tion mains, and are due to a multiplicity of small leaks and 

undiscovered breaks. The larger losses can be stopped if found, 

but they are difficult to find. Leaks from the plumbing fixtures 

within the houses are even more important, and metering has 

been found to be a partial check on these household leaks and 

wastes. It is not a permanent check, however, for the records 

of metered cities show that after a few years consumption 

• again rises. Inspection of house fixtures and leakage surveys 

helps to keep down consumption, but even this is only partially 

successful. The same is true of increasing the selling price of 

water. While we believe strongly that waste should be re¬ 

stricted and thrift encouraged, we also hold that the public 

water supply should be ample for all reasonable needs, and that 

the actual use of water in the interest of improved health con¬ 

ditions should be encouraged. 

The second fact is that there seems to be a tendency, one 

may say the world over, to an increased use of water in cities. 

Plumbing fixtures are much more numerous and require more 

lavish use of water than formerly, while wTater pressures tend 

to rise as buildings are higher. As cities grow in size, the per 

capita consumptions tend to increase practically without ex¬ 

ception. 

We will not attempt to follow the changes in the daily per 



14 METROPOLITAN WATER SUPPLY. [Mar. 

capita water consumptions as they have varied from 91 gallons 

in 1895 to 128 in 1907, back to 87 gallons in 1915 and then up 

and down again. These facts are given by the chief engineer. 

But we have assumed that with waste cut down to a minimum 

the consumption will continue to rise at the rate of about a 

gallon per head per year. This has been the average rate of 

increase in Boston since 1850. In many cities, where there is a 

complete meterage, the increase is 2 gallons per year. Boston, 

however, has a smaller manufacturing use of water than most 

of such cities, hence we have used the more conservative figure. 

The present water supply sources of the Metropolitan Water 

District •— namely, the Wachusett and North Sudbury system, 

the South Sudbury system, and Lake Cochituate —* are capable 

of delivering in a dry period about 155,000,000 gallons a day, 

possibly a little more. But of this only about 125,000,000 gal¬ 

lons is of first-class quality. The South Sudbury water is highly 

colored and is taken from a region where the population is 

large and increasing. The Cochituate water is taken from an 

even more populous region, and often has a bad taste and 

odor due to the presence of algae and protozoa. Both the 

South Sudbury and the Cochituate supply are now regarded as 

reserves to be used only occasionally as emergencies require. 

They are important parts of the system, however, and can be 

made satisfactory for regular use by filtration. 

In 1920 the average consumption of the Metropolitan Dis¬ 

trict was 127,000,000 gallons a day, and if the rainfall had been 

as low as it is about once in twenty years the limit of the Wa- 

chusett-Sudbury supply would have been reached. As it hap¬ 

pened, the rainfall was high and the reserve supply of low-grade 

water was not used to any extent. 

The question which naturally arose was, why not filter the 

South Sudbury and Cochituate waters at once and make them 

fully available? That is indeed the cheapest and speediest 

method of increasing the available supply to 155,000,000 or 

more gallons a day in a dry period. It is our opinion that 

plans for the filtration of these supplies should be made at once 

in order that the work might be begun promptly in case of an 

unexpected increase in consumption or of a threatened drought, 

shown by a depletion of storage in the Wachusett Reservoir. 
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In making these plans consideration should be given to the 

probable ultimate filtration of all the water supply of the 

district. The reason for not recommending filtration of these 

sources at the present time is that we believe it to be more 

important to secure an additional supply of water for the dis¬ 

trict, still holding the South Sudbury and Cochituate sources 

in reserve. 

If the Boston Metropolitan District continues to grow at the 

rate which prevailed just prior to the war, there will be an 

urgent need of more water by the year 1930 and perhaps before 

then. By that time, also, there is likely to be a demand for 

water from a number of cities and towns within the 10-mile 

radius, not now in the district but which have a right to call 

upon the district in case of emergency. This contingency can¬ 

not be left out of account. As it will require several years to 

construct the necessary works, we are of the opinion that the 

time has come to make definite arrangements for securing an 

additional supply. 

There is another factor which needs consideration. The citv 
c/ 

of Worcester is also running short of water, and the limit of 

her present supply will be reached in about five or six years. 

Her present supply is contiguous to the Wachusett watershed; 

in fact, a part of her present supply is obtained by diverting 

the water of a stream within the Wachusett watershed. The 

city of Worcester has sought from the Legislature the right to 

divert more water from the Wachusett watershed, •— namely, 

from the Quinepoxet River. In our opinion this diversion 

should not be allowed. We believe that it would be for the 

benefit of both the Metropolitan District and the city of Worces¬ 

ter to unite in securing a new source of supply, thus at once 

providing for the needs of Worcester and postponing for some 

years the filtration of the reserve supplies of the Metropolitan 

District. 

Investigation of New Sources of Supply for the 

Metropolitan District. 

In our search for the most practicable method of obtaining 

an additional supply of water, it was natural for us to turn back 

to the report which the Massachusetts State Board of Health 
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made to the Legislature in 1895. They studied and rejected 

as unsuitable several possible sources of supply, *— namely, 

the Charles River, the Shawsheen River, Assawompsett Pond, 

Lake Winnipesaukee, Sebago Lake, and the Merrimack River. 

We have re-examined these projects and have given especial 

attention to the possibilities of using certain of these supplies 

after filtration, as directed by the Legislature. In general, 

we find that the reasons for recommending against them in 

1895 still hold good, and are even stronger now than then. 

The Assabet River was suggested in 1895 as the source from 

which the first additional supply should be taken, but the 

conditions have so changed meantime, due to the industrial 

development along the course of the stream, that it will not be 

wise to consider the use of this water as a possible regular 

source of supply. Yet inasmuch as the aqueduct from the Wa- 

chusett Reservoir passes through this watershed, the Assabet 

water could be readily diverted into it and used in case of a 

serious emergency. In fact, such an available emergency supply 

is an asset which should not be overlooked, as it will enable 

the district to follow safely a somewhat more conservative policy 

in regard to future extensions of the works than would other¬ 

wise be the case. 

In 1895 chief reliance for the future supply of the district 

was placed upon the use of the Ware River, and after that, the 

Swift River. We believe that these ideas were sound, and our 

own recommendations are based upon them. Both of these 

sources of supply are sure to be needed. Two courses of action 

are open. One is to develop a supply from the Upper Ware 

River watershed, and later an independent supply from the 

Swift River, carrying both waters through separate tunnels 

to the Wachusett Reservoir. The other is to construct a single 

tunnel from the Wachusett Reservoir to the Swift River, cross¬ 

ing under the Ware River and so designed that it can be built 

in two installments, the first to take the Ware River supply, 

and the second to take both the Ware River and the Swift 

River. It is our opinion that the latter plan is much the better 

project, and it is the plan which we recommend. 

In 1895 it was evidently the intention to utilize the Ware 

River water in the usual way by constructing a dam, impound- 
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ing the water and taking the greater part of the stream flow. 
This would interfere with the use of water for power and other 
mill purposes below the dam, entail heavy damages and tend to 
prevent the development of the villages in the lower courses of 
the stream. During the last quarter century manufacturing 
along the lower Ware River has become more extensive, greater 
amounts of water are used for processes, and the liquid wastes 
have increased in amount. We have, therefore, endeavored 
to work out a plan of utilizing the Ware River water in such a 
way as to interfere as little as possible with the flow of the lower 
river. This can be done by diverting Ware River water to 
the Wachusett Reservoir and to the Pine Hill Reservoir of the 
Worcester supply at times when the Ware River flow is high, — 
say, above 1.2 cubic feet per second, or 800,000 gallons per 
day, for each square mile, — and at those times only. This 
will not interfere with the flow of the stream during those 
periods of the year when it is naturally low. It will, of course, 
take away some of the flood water, but it must be remembered 
that flood water is not worth as much to manufacturers as dry 
weather water, while it is worth just as much for water supply 
purposes if properly stored. The Wachusett Reservoir is of 
exceptionally large capacity, holding more than 50 per cent in 
excess of the average flow from its tributary watershed. It 
can, therefore, be used to store the flood waters of the Ware 
River and make them available for the Metropolitan Water 
District. The Pine Hill Reservoir, now being constructed by 
the city of Worcester, is also of large capacity, holding 25 per 
cent in excess of the average flow of its tributary watershed. 
It would be possible, therefore, to use this reservoir for storing 
water of the Ware River in addition to that obtained from its 
own watershed. 

The chief engineer has estimated that by the diversion of the 
flood waters of the Ware River to the Wachusett Reservoir, 
an additional supply of 33,000,000 gallons per day can be as¬ 
sured. Should it become necessary to secure a larger and more 
constant supply of water from the Ware River, an extra 30,000,- 
000 per day could be obtained by constructing a reservoir at 
Coldbrook, as suggested in the report of 1895, but this would 
mean a reduction in the summer flow of the lower Ware River, 



18 METROPOLITAN WATER SUPPLY. [Mar. 

which we have endeavored to avoid, and the flooding of valua¬ 

ble valley land at Coldbrook. Precedent already exists in Mas¬ 

sachusetts for the diversion of the flood flows of one watershed 

to another in the case of the Salem-Beverly water supply, 

where Ipswich River water is led by gravity through a canal to 

Wenham Lake at times when the stream flow is in excess of a 

certain amount and when the water in Wenham Lake is below 

a certain level. 

The Ware River Project. 

We recommend, then, in accordance with the plans of the 

chief engineer, the immediate construction of a tunnel from the 

Wachusett Reservoir to the Ware River, with a diversion dam 

at Coldbrook, where flood water will be taken; the construction, 

as soon as practicable, of a plant for developing water power at 

the Wachusett end of the tunnel; and arrangements for pump¬ 

ing such water as Worcester may require either from Wachu¬ 

sett Reservoir or from a shaft in the tunnel into one of the 

streams tributary to Pine Hill Reservoir. The tunnel will be 

constructed wholly in rock from a series of shafts, the deepest 

of which will be about 575 feet, although in some places the 

tunnel will be 800 feet below the surface of the ground. Water 

will be delivered to Wachusett Reservoir by gravity. The 

tunnel will have a capacity of 500,000,000 gallons a day. The 

large size is due to the fact that it is to be used for the flood 

waters, and that it will be extended later on to the Swift River 

Reservoir. 

The drainage area above Coldbrook is about 100 square miles. 

The population upon it is sparse and there are no large centers 

of population. Sanitary regulations will have to be made for 

this area just as for the Wachusett watershed. 

The watershed contains several swamp areas, and at certain 

seasons the Ware River at Coldbrook has a deep brown color. 

The flood waters are lower in color than the dry season waters, 

and computations have shown that the water diverted will 

have little if any higher color than the aggregate of the feeders 

of the present Wachusett supply. Storage in the Wachusett 

Reservoir or in the Pine Hill Reservoir will materially reduce 

these colors. The water is soft and in other ways satisfactory 

as to quality. 
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The chief engineer has estimated that the cost of the first 

section of the tunnel to be constructed, sufficient to divert 

water to Wachusett Reservoir but without power development, 

will be about $9,500,000, based on the scale of prices which 

existed before the war. Present prices are higher but are fall¬ 

ing. What they will be between the years 1924 and 1928 is a 

matter of conjecture. We think that they will not exceed pre¬ 

war prices by more than 30 per cent and on this basis place 

the probable cost of the project as about $12,000,000. This 

includes what we regard as a reasonable allowance for mill 

damages. 

As the Ware River water will not be needed before 1928, 

there is ample time to plan and construct these works if there 

is no delay. 

The chief engineer has also made studies of the ability of the 

Metropolitan District to finance this project, and has found that, 

if the term of the bonds is forty years and the interest not over 

4 per cent, there will be no need of a general increase of water 

rates. Even if the financial arrangements are less satisfactory, 

the increase in the cost of water would not be large and would 

probably be of temporary duration. These financial aspects 

of the case are so coupled with the probable growth of popula¬ 

tion and the water consumption that they cannot be told 

exactly. 

The Swift River Project. 

Inasmuch as our recommended plan for taking an additional 

supply of water from the Ware River involved a future exten¬ 

sion of the tunnel to the Swift River, and as the tunnel was to 

be made large enough to carry both the Ware and the Swift 

River supplies, it was necessary for us to be assured of the 

complete feasibility of the Swift River project. To construct 

a large tunnel to the Ware River without assurance that the 

extension to the Swift River was desirable would be folly. 

While the approximate site of a dam on the Swift River had 

been selected in 1895, no detailed investigations had been made, 

nor had the possibility of utilizing only the flood flows of the 

river been considered. Furthermore, at the beginning of the 

investigation it was considered possible that it might be advis- 
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able to recommend the Swift River project for immediate 

construction. 

The engineering and geological studies of the project are 

given in considerable detail in the report of the chief engineer. 

He has developed a plan for utilizing the Swift River as a 

supply for the Metropolitan District materially different from 

that contemplated in 1895. It involves the construction of a 

huge reservoir near Enfield with a capacity of 400,000,000,000 

gallons, a tunnel from this reservoir to the Wachusett Reservoir, 

of which the tunnel wThich we have already recommended is a 

part, and another tunnel to bring into the Swift River Reser¬ 

voir the flood waters of the Millers River. He proposes also 

to use this reservoir, as well as the Wachusett, for storing the 

Ware River water, and thus secure an added quantity of water 

from that source. Thus, in that part of the tunnel wTest of the 

Ware River the flow would be at times westward and at times 

eastward. He proposes to utilize only the flood flows of all 

the streams mentioned, and to let the normal quantities of 

water pass by the dam during periods of low flow, thus inter¬ 

fering very little with the stream flow. He has estimated that 

a supply of 200,000,000 gallons of water per day can be ob¬ 

tained either by utilizing the flood flows of the Ware and Swift 

rivers when above 500,000 gallons per square mile per day, or 

by utilizing the flows of the Ware, Swift and Millers rivers 

when they are above 800,000 gallons per square mile per day. 

He has estimated that, on the basis of pre-war prices, the cost 

of the Swift River project, west of Coldbrook, would be about 

838,000,000. 

It is our opinion that this project should be approved as the 

best means of obtaining an additional supply of water for the 

metropolitan territory after the limit of the Ware River supply 

has been reached. We will not presume to say when it will be 

needed. For financial reasons it would be highly desirable if 

this construction could be postponed until 1935, when the pres¬ 

ent bonded indebtedness of the district will begin to decline 

rapidly. But how long the construction can be postponed must 

be determined in the future by the facts of water consumption 

rather than by financial reasons. 

Nor will we presume to say what arrangement should be 
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made between the State and the downstream mill owners; but 

we recommend that early steps be taken to secure some reason¬ 

able agreement in order that the inhabitants of the Swift River 

valley and the downstream mill owners may know what to 

anticipate, and hence be able to make such provision for the use 

of their. property as seems best under the pending takings of 

land and water rights. 

We recommend that the commission placed in charge of the 

construction of the Ware River tunnel be also given charge of 

the Swift River project, with authority to make such further 

engineering studies as may be necessary, and to conduct nego¬ 

tiations with mill owners and other property owners likely to be 

affected by the project. 

We recommend that the reserve supplies of the Metropolitan 

District should be filtered when needed, and that the local 

communities surrounding the district should continue to utilize 

their supplies as long as practicable, bearing in mind the prob¬ 

able ultimate abandonment of some of them. 

Ground Water Supplies. 

Consideration has been given to the possibility of obtaining 

a supply of water for the Metropolitan District by means of 

artesian wells, but the engineers and geologists agree in the 

opinion that the geological formation of eastern Massachusetts 

is such as to preclude the possibility of obtaining an adequate 

supply of water from this source. We do not consider such proj¬ 

ects worthy of serious consideration except for the development 

of certain small local supplies. The idea that there are great 

underground streams or great underground reservoirs in this 

part of the country is pure fiction. 

Wherever attempts have been made in this State to obtain 

large ground wrater supplies at any one place, the quality of the 

water has suffered. Some of the largest well supplies yield 

water so impregnated with iron and manganese as to be very 

troublesome. Filtration of such water is possible, but ex¬ 

pensive. Other ground waters contain so much carbonic acid 

that they are corrosive and dangerous to the public health by 

dissolving lead from service pipes and causing lead poisoning. 

In the case of small ground water supplies, however, the 
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facts are very different. For many reasons these small supplies 

are often almost ideal in quality. Even ground waters, how¬ 

ever, must be safeguarded. If taken from a region of dense 

population or one of limestone formation, the dangers of pollu¬ 

tion are by no means negligible and may be serious. 

To a certain small extent it may be possible for the com¬ 

munities around the Metropolitan District to increase the local 

supplies from ground water sources. 

Westfield and Deerfield Rivers. 

The report of 1895 mentioned the possibility of using the 

Westfield and Deerfield rivers as further extensions of the 

metropolitan supply. We have given no study to the Deer¬ 

field River, as its possible utilization by the Metropolitan Dis¬ 

trict still lies too far in the future. In view, however, of the 

rapid growth of the communities in the lower Connecticut 

valley, it seems to us that the Westfield River should be defi¬ 

nitely eliminated from the list of sources available for the Metro¬ 

politan District and reserved for the use of the nearer cities and 

towns. 

Cities and Towns Near but Outside the Metropolitan 

District. 

There are 18 cities and towns now included in the Metropoli¬ 

tan Water District •— Arlington, Belmont, Boston, Chelsea, 

Everett, Lexington, Malden, Medford, Melrose, Milton, Nahant, 

Quincy, Revere, Somerville, Stoneham, Swampscott, Water- 

town and Winthrop •— which take water from the common 

source. The city of Newton is also a member of the district, 

but has thus far depended almost exclusively upon its local 

water supply. While consumption has almost reached the ca¬ 

pacity of these works, it is not likely that Newton will call upon 

the district for large quantities of water during the present 

decade. 

The cities and towns in the metropolitan territory outside 

of the Metropolitan Water District fall into two groups, — 

those any part of which are within the 10-mile radius, and those 

beyond it. There are 16 places within the 10-mile limit, —* 

Braintree, Brookline, Cambridge, Canton, Dedham, Hingham, 
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Hull, Lynn, Needham, Saugus, Wakefield, Waltham, Wellesley, 

Weymouth, Winchester and Woburn. The aggregate popula¬ 

tion of these places in 1920 was 391,448. They all depend 

upon local water supplies, the total consumption in 1920 being 

upwards of 34,000,000 gallons a day. The chief engineer’s 

report gives various data for each of these supplies, with 

estimates of probable future needs. It is as difficult to predict 

the use of water in these places as it is in the case of the dis¬ 

trict itself. It does not seem to us that there is likely to be 

any large demand upon the common source of supply before 

the year 1930, but the time will surely come in the not distant 

future when there will be such a demand, and it will be impru¬ 

dent not to anticipate it and provide for it. It must be remem¬ 

bered that the cities within the 10-mile radius are legally 

entitled to enter the district and take water from the common 

source at any time now if they elect to do so, providing that 

they comply with the fiscal requirements set by the Metropoli¬ 

tan District Commission. 

Outside of the 10-mile radius there are other communities 

which are likely to desire to take water from the Metropolitan 

Water District before many years. Among these are Weston, 

Norwood, Reading, Westwood, Randolph, Holbrook, and per¬ 

haps Cohasset, Scituate and Marblehead. The total popula¬ 

tion of these places is now small, but the question of the proper 

method of admitting them to the district is one that should 

receive attention. 

Water Supply of Worcester. 

Following the report of an investigation made by the late 

Frederic P. Stearns, the city of Worcester presented a proposal 

to the Legislature to allow the city to take for water supply 

purposes a portion of the watershed of the Metropolitan Water 

District, pumping water from the Quinepoxet River into one 

of its present reservoirs. This would divert a considerable 

quantity of water from the supply of the district, and if taken 

under the financial arrangements proposed would, in our opin¬ 

ion, be unjust to the Metropolitan District. We believe that 

a better solution of Worcester’s problem is the Ware River plan 

already described. 
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The Ware River water could, in our opinion, be utilized by 

Worcester to best advantage by allowing it to flow into the 

Wachusett Reservoir, obtaining the advantages which result 

from prolonged storage, and pumping it into such part of the 

Worcester system as that city may think best. Another 

method would be to pump it from one of the shafts of the tun¬ 

nel into Pine Hill Reservoir, now being constructed. Either 

one would be a better method than that of taking water by the 

development of the Quinepoxet River. The method of pump¬ 

ing water from the Wachusett Reservoir would furnish water 

of better quality. 

After the construction of the Swift River works, the water 

delivered to the Wachusett Reservoir from that source will be 

lighter in color and of better quality, thanks to its long storage, 

than the water of the Ware River. 

The proportion of the cost of the Ware River tunnel which 

Worcester should pay is a matter to be determined later by the 

Legislature. 

Cities of the Lower Connecticut Valley. 

Although we have not found it possible to make any field 

studies as to the total amount of water supply that can be 

satisfactorily developed from the present water supply sources 

of the municipalities of the Connecticut valley, particularly 

those of Hampden County, study of the data already available 

has impressed us with the need of such studies. 

In 1895 the populations of Springfield, Chicopee, Holyoke, 

Westfield and West Springfield were doubtless looked upon as 

relatively small, and our predecessors, with their eyes fixed on 

the future growth and requirements of the Metropolitan Dis¬ 

trict, doubtless looked on the future utilization of the West- 

field River watershed as of slight concern to these communities 

and an important potential future asset to the Metropolitan 

District. But to-day the conditions are different. Springfield 

particularly has had a rapid growth and the whole region is 

prospering. It is our opinion that these communities will de¬ 

sire to utilize the great water supply resources of the Westfield 

River before the Metropolitan District will need to extend its 

catchment area beyond the Swift River. In our opinion, the 
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Westfield River should be reserved for the use of the Connecti¬ 

cut valley cities. 

Berkshire, Franklin, Hampshire and Northern 

Worcester Counties. 

The water supply problems of these sections of the State 

are for the most part local, and we have not felt called upon 

to study them, except in a general way, in connection with the 

present investigation. In general, nearly all cities and towns in 

these sections can easily provide for their future water supply 

needs from near-by sources without interfering with the needs 

of any other communities. 

Merrimack River Cities and Towns. 

We are not able to make a detailed recommendation at this 

time concerning the water supplies of the cities and towns of 

the Merrimack valley. From our studies, however, we have 

reached certain general conclusions. 

The principal Merrimack cities and towns are Lowell, Law¬ 

rence, Methuen, Haverhill, Andover, North Andover, Ames- 

bury and Newburyport. These, with some of the less populous 

towns bordering the river, contain an aggregate population of 

about 350,000. Several of the larger communities have prac¬ 

tically reached the limit of their available local water supply 

resources. The solution of their water supply problems can 

no longer be satisfactorily solved by these cities and towns 

acting separately. In our opinion they should unite in one or 

more groups and develop larger sources of supply which can be 

used jointly. Several projects have been studied by us, but 

we have not yet found a solution which we can recommend. 

Further investigations and collection of basic data are neces¬ 

sary. We are convinced, however, that, looking to the future, 

it will probably not be wise for these cities and towns to depend 

upon taking a common supply from the Merrimack River. It 

is true that the diversion of water for all of the Merrimack 

valley cities and towns would be much less than the diversion 

required for the Metropolitan District, yet it would be a con¬ 

siderable amount and there would be heavy damages involved. 
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A report made for us by Air. H. W. Clark has shown the feasi¬ 

bility of filtering the water of the Merrimack River above 

Lowell, but there are sufficient reasons against the use of this 

supply. At the present time this is shown by the attitude of 

the citizens of Lawrence against their present supply taken from 

the Merrimack River above that city. Even though the wrater 

be rendered safe for use by the processes of filtration and chlo¬ 

rination, the citizens have repeatedly expressed repugnance 

against the use of a stream so heavily polluted, when it is pos¬ 

sible for another source of supply to be obtained. Various 

engineering studies have been made by the different cities and 

towns in the valley, but not all possible joint projects have been 

sufficiently investigated. If the Ipswich River can be developed 

by the construction of large storage reservoirs, some of this 

water could be made available for temporary use in dry years 

by the Merrimack valley cities and towns. This fact has a 

bearing on the practicability of projects involving the further 

development of local sources for these cities and towns. The 

possibilities of obtaining water from New Hampshire, assuming 

that proper agreements can be made between the governments 

of the two States, are also deserving of further consideration. 

Ipswich River. 

We are not able to make a recommendation at this time con¬ 

cerning the water supplies of the cities of Essex County. 

From time to time during the last ten years the possibility 

of developing a large water supply in the Ipswich River valley 

has been considered in engineering reports. We have not been 

able to make a detailed study of this problem, but it is one 

that should be made. The cities of Essex County will before 

long need to seek additional supplies of water. While we make 

no definite report on the Ipswich River development, we wish 

to call attention to the great possibilities which lie in the utili¬ 

zation of this stream for supplying water to a large number of 

cities and towns organized into a Northeastern Water Supply 

District. At the present time several cities have been given 

limited rights to take water from this stream, but these cities 

are growing at such a rate that before long conflicts of interest 

are likely to arise between them. In our opinion the proper 
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solution of the water supply problems of the cities and towns of 

Essex County lies in co-operative action. 

We recommend that the Legislature give consideration to the 

need of making further studies of the Ipswich River and the 

advisability of organizing a Northeastern Water Supply District. 

The Water Supply Problems of Southeastern 

Massachusetts. 

The principal communities in this section are the cities 

of New Bedford, Fall River and Taunton. Including the ad¬ 

jacent towns of Acushnet and Dartmouth, who are joint users 

with New Bedford, the population of this group has doubled in 

thirty years. 

This growth shows no immediate prospect of cessation. 

Industrial establishments already built, but on account of 

temporary business depression never operated to capacity, 

will in the case of New Bedford result in a very sharp increase 

in population within a year after the resumption of industrial 

activity. Therefore their water supply problems deserve to be 

studied with special concern. 

New Bedford and Taunton now take their water supplies 

from the Lakeville ponds, and Fall River from North Watuppa 

Pond, near that city. At the present rate of water consump¬ 

tion Fall River has practically reached the limit of its supply. 

We have made careful engineering studies of the total yield, 

storage capacity, and sanitary and other qualities of this 

chain of ponds, and believe these ponds ought to be reserved in 

perpetuity for the water supply requirements of this group of 

cities and towns. 

We are of the opinion that a new water district should be 

created to acquire and jointly preserve the water of these ponds 

for the benefit of the citizens of this section. At the present 

time New Bedford and Taunton are using less than one-third of 

the dry period yield of these ponds; therefore, even with Fall 

River and other smaller places added, the supply should be 

ample for a long time to come. 

The problem is complicated from the standpoint of water 

supply because these ponds are also attractive for recreational 

purposes. 
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Although New Bedford and Taunton have wisely acquired 

land about their immediate sources of taking from time to time, 

there remain large areas privately owned and increasingly 

sought as sites of summer camps and for other recreational 

purposes. We consider the problem of prevention of pollution 

of these ponds a most serious one, particularly as their shallow 

depth produces an erroneous impression as to the degree of 

natural purification that takes place. 

Respectfully submitted, 
V 

EUGENE R. KELLEY, Chairman, 

RICHARD P. STRONG, 

SYLVESTER E. RYAN, 

ROGER I. LEE, 

GEORGE C. WHIPPLE, 

JOSEPH E. LAMOUREUX, 

WARREN C. JEWETT, 

GEORGE B. WASON, 

WILLIAM H. SQUIRE, 

FRANK G. HALL, 

FRANK A. BAYRD, 

Joint Board. 

I 
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MINORITY REPORT OF JAMES A. BAILEY. 

To the Honorable the Senate and House of Representatives of the Common¬ 

wealth of Massachusetts in General Court assembled. 

The undersigned member of the Metropolitan District 

Commission, successor of the Metropolitan Water and Sewerage 

Board, acting under the authority of chapter 49 of the Resolves 

of 1919 and chapter 42 of the Resolves of 1921, has investi¬ 

gated and considered the questions named in said resolves, 

and now submits the following report. 

In the investigation of the water supply needs and resources 

of the Commonwealth, the future requirements and available 

supplies of the Metropolitan Water District and the city of 

Worcester have been the chief subjects of study and discussion, 

and to this branch of the investigation the report herein sub¬ 

mitted is limited. 

It seems that Worcester will soon reach the safe capacity of 

her present sources of supply in a period of several successive 

dry years, but it does not appear that the Metropolitan Water 

District as at present constituted, plus such additional munici¬ 

palities as are likely to seek admission, will need additional 

water before 1935. 

The metropolitan water supply system, as recommended to 

the General Court of 1895 by the State Board of Health, was 

designed and deemed adequate by its sponsors for twenty years, 

or until 1915, for a population which, according to the esti¬ 

mate then made, would be 1,743,510 in 1915. The combined 

sources of supply as originally planned would yield 173,000,000 

gallons daily in a series of very dry years, but a small reduction 

in the watershed, and legal requirements that certain amounts 

of water be otherwise used, reduced the safe capacity in a dry 

period to about 160,000,000 gallons daily. Many cities and 

towns within the 10-mile limit never entered the district, and 

the population of the municipalities comprising the district 

did not increase as rapidly as forecasted, so that the population 
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served, as shown by the census of 1920, is 1,213,430, a number 

less by approximately 530,000 than the system as originally 

planned was deemed sufficient to supply, or approximately 

400,000 less than the system actually created will serve. 

Expressing the same idea in terms of years the population of 

the district in 1920 is substantially the same as the Board of 

Health’s estimated population to be supplied about midway 

between 1900 (estimated population, 1,148,033) and 1905 

(estimated population, 1,328,787). It follows that if a correct 

estimate was made in 1895, — that the system was adequate 

for twenty years, -— the population in 1920 being approximately 

the number estimated for 1902 or 1903, and making due allow¬ 

ance for the reduction in safe yield due to the modification of 

the original scheme, about one-half of the estimated twenty- 

year period has elapsed and about one-half remains. 

But in fact, the growth of population has been much less than 

was forecast by the Board of Health. For example, the esti¬ 

mated population of Boston in 1920 (including Hyde Park 

annexed since 1895) was 848,851, as contrasted with the census 

of 748,000. The forecast for Everett was 63,358, and the cen¬ 

sus 40,120, and nearly all the cities and towns fell considerably 

below the estimated population. Obviously the smaller the 

number of people served the longer a given supply of water 

will suffice. 

The population of the district in the years ahead is not likely 

to increase so rapidly as in the past. As a result of the war and 

consequent destruction of property, world-wide upheaval and 

disorganization of industry and commerce, conditions for some 

time are likely to be similar to those which prevailed for a con¬ 

siderable period beginning several years after the Civil War. 

During hard times marriages decrease and births diminish. 

The census of Boston and its suburbs indicated a falling off of 

50 per cent in the normal rate of increase of population in the 

period above mentioned. Furthermore, immigration, which in 

the recent past has supplied a large proportion of the inhabit¬ 

ants of the Metropolitan District, has been severely restricted 

by law. This will check the tendency of population to increase. 

Tables of annual birth rates in Massachusetts indicate that 

the birth rate among the foreign born is three times that among 
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the native born. The statistician from whom these figures are 

quoted concluded that the native-born population of Massa¬ 

chusetts was not maintaining itself, and in any event it seems 

clear that a lowering birth rate in Boston and vicinity may be 

expected in the years ahead. It follows that the ordinary 

estimates of future population in the district as a basis for 

determining future needs for water must be greatly modified. 

In relation to the per capita consumption of water in the 

Metropolitan District an exhaustive study and accurate fore¬ 

cast were made in 1895 by Dexter Brackett. He stated that 

the quantity to be used in estimating the requirements for a 

twenty-year period was 100 gallons, of which 35 were for domes¬ 

tic use, 35 for trade and manufacturing, 5 for public use and 

25 for waste. In the year 1921 the per capita consumption 

in the district was about 95 gallons, and in only two of the last 

nine years has it risen above 100 gallons, despite the feverish 

manufacturing activities during the war and the coldest winter 

in a long period. 

In the annual report of the Metropolitan District Commis¬ 

sion for the year 1920 appears the following paragraph from 

the report of the chief engineer of the Water Division: — 

Now that the war is over, and conditions are returning to normal, there 

appears to be no reason why thorough inspection by local officials, and the 

unrestricted enforcement of the legislation of 1907 for the installation of 

meters on service pipes, should not reduce the per capita consumption of 

water to 90 gallons per day, which was sufficient for all purposes in 1915. 

The per capita consumption of water daily in gallons in two 

groups of cities, taken from the latest available reports, was as 

follows: — 

Group 1. — Ten Massachusetts Cities not in Metropolitan Water District.1 

Cambridge. .94 
Lowell .. .60 
Lawrence. .47 
New Bedford. .80 
Fall River. .46 
Taunton. : .... 82 
Worcester. .84 

Waltham. .61 
Lynn and Saugus . . . .71 

Springfield. .104 

1 Taken from last published report of Department of Public Health. 
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Group 2. — All Cities in Metropolitan Water District, 1921. 

Boston.112 

Chelsea.70 

Everett ..86 
Malden.49 

Medford. 45 

Melrose.57 

Quincy.86 

Revere.65 
Somerville . .   73 

In the light of the above facts there appears to be no sound 

basis for forecasting the daily per capita consumption of water in 

the Metropolitan District at more than 100 gallons in the next 

ten years; and there is a reasonable basis for the belief that when 

Boston has metered about 40,000 services now unmetered the 

per capita consumption of Boston may be reduced to consider¬ 

ably less than 100 gallons, thereby greatly lowering the average 

consumption of the inhabitants of the district. The gradual 

installation of meters, required by chapter 524 of the Acts of 

1907, but suspended by law in Boston during the war, has re¬ 

sulted in bringing down the total water consumption of the 

entire district to substantially the amount used by the smaller 

population of fifteen years ago. About 75 per cent of all serv¬ 

ices are now metered, and in order to justify an invasion of 

central or western Massachusetts to obtain water for Boston 

and vicinity every reasonable effort ought to be made to pre¬ 

vent needless waste of the present supply. 

The safe yield of the present sources of supply available 

for use in the Metropolitan Water District in a series of very 

dry years is about 160,000,000 gallons per day, the equivalent of 

100 gallons to each of 1,600,000 persons, a number which prob¬ 

ably will not be reached before 1935. A reduction to 90 gallons 

would care for the needs of 177,778 additional persons, and no 

one can reasonably doubt that 10 gallons waste per person daily 

can be eliminated for a brief period, in case of urgent necessity, 

by a people who survived gasless Sundays, heatless Mondays 

and rationed sugar, to each of whom 90 gallons of water daily 

would still be vouchsafed for drinking, bathing and other pur¬ 

poses. 
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Since the Wachusett Reservoir first filled in 1908 there has 

been an abundant supply of pure water for all the inhabitants 

of the district. The reservoir has filled and overflowed in nine 

of the fourteen years. During this period in several years the 

amount of water wasted, because all the reservoirs were over¬ 

flowing, has nearly equaled the amount delivered into the 

aqueducts for use; and in two years the amount wasted has 

exceeded the amount used. The largest reservoir alone holds 

a supply approximately sufficient to care for the needs of the 

entire district for one and one-half years, even if no rain fell 

during that period, eliminating evaporation from this calcula¬ 

tion. The total storage capacity is so great that the district 

easily passed through four successive dry years, 1908-11, the 

period of lowest water yield since the Sudbury records were 

started in 1875, and in the last of the four years the Wachu¬ 

sett Reservoir was drawn down only 17 feet, and promptly 

overflowed the following spring. 

In their report for 1911 the Metropolitan Water and Sewer¬ 

age Board say of this period: — 

It is gratifying that, notwithstanding the almost unprecedented small 
amount of rainfall following a series of dry years unknown to the past rec¬ 
ords, the Metropolitan District has during the past year been brought 
neither to inconvenience nor apprehension on account of the scarcity of 
water, and has been able to assist two other communities in the emergencies 
which they have suffered. 

The charts illustrate the actual workings of the water supply 

since 1908. 

Chart I shows the maximum and minimum storage in all 

metropolitan reservoirs. The smallest amount in storage in 

the last of four very dry years, at the low point of 1911, was 

over 55,000,000,000 gallons, an amount greater than the entire 

consumption of the district in any year since the large basin 

filled. In other words, at the lowest mark there was water in 

storage sufficient for more than one year, without further rain¬ 

fall. 

Chart II shows that in no year has the draft equaled the yield 

of that year. It shows, also, some waste every year, and waste 

in two years exceeding the amount used. 

In relation to the suggestion that a considerable number of 
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cities and towns, not now members of the Metropolitan Water 

District, both within and without the 10-mile limit, must be 

admitted to the district or take water from it in the near future, 

the following observations are submitted. 

The natural desire of municipalities to run their own affairs 

and own and manage their own water supplies is illustrated 

bv the fact that of the 28 cities and towns included in the dis- 
t' 

trict proposed to be created by the bill presented to the Legis¬ 

lature of 1895, 15 preferred to remain out. Since that year only 

1 city (Quincy) and 6 towns have applied for admission to the 

district, and the population in 1920 of all the municipalities 

added to the district in more than a quarter century was only 

100,080, or an average increase per year of about 3,700. 

Within the last two years the only inquiries about terms of 

admission have come from Braintree and Weymouth. It is 

doubtless true that a few towns may require some water from 

the Metropolitan District in the near future, and it is also true 

that the district can supply them, as their requirements are 

not large. The assertion that Cambridge, Brookline and 

Woburn will find it necessary to take water from the district 

within the next few years is not agreed to by the responsible 

officials of those municipalities; and in any event, cities and 

towns which have shied away from the district when the cost of 

the Wachusett Reservoir, including all water and other damages, 

was about $12,500,000, are not likely eagerly to embrace the 

opportunity to come in when an expenditure of $59,500,000 is 

, recommended to gather and bring additional water to the same 

reservoir. It seems, therefore, reasonably safe to predict that 

in the next 10 years no great increase will be made in the 

population of the district by the addition of cities or towns 

within or just outside the 10-mile limit. 

In order to care for its own needs and to admit or help 

near-by communities the Metropolitan Water District for a con¬ 

siderable period will be required only to continue the policy 

of metering services, and provide for the filtration of its poorer 

sources of supply. So abundant have been the better sources of 

supply that it has been unnecessary for ten years to use water 

from the southern Sudbury reservoirs, having a combined dry 

weather capacity of 30,000,000 gallons daily, and Cochituate, 
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with a capacity of 10,000,000 gallons, has been kept as an 

emergency supply and drawn on moderately at irregular inter¬ 

vals. Obviously it is cheaper to filter the water in near-by 

reservoirs than to construct new and distant reservoirs, and, 

were it not for Worcester’s needs, the next considerable expendi¬ 

ture by the Metropolitan Water District would be for filtra¬ 

tion of the waters of the southern Sudbury reservoir and 

Cochituate. 

Within a few years Worcester will probably require more 

water as a safeguard against a long period of excessive drought, 

and her problem is interwoven with the future requirements of 

the Metropolitan District. The officials of the city have re¬ 

peatedly urged that it is just and expedient that Worcester 

should be granted by legislative act the waters on one-sixth of 

the Nashua watershed, in the Quinapoxet area, now flowing 

into the Wachusett Reservoir, which waters were lawfully taken, 

paid for, and are now owned by the Metropolitan Water Dis¬ 

trict. In a report of the Commission on Additional Water 

Supply for the city of Worcester (Senate No. 346 of 1920), — 

the mayor, city engineer and city solicitor comprising the 

commission, — it was recommended “that the city of Worcester 

be authorized to increase its water supply from the said Quina¬ 

poxet River area substantially as provided in the draft of a bill 

accompanying the report.” This bill has been taken from the 

files and is now pending in the Legislature. The following are 

some of the reasons why this bill ought not to be enacted: — 

1. Pumping of the water so obtained will be necessary for all 

time, — a wasteful and unnecessary method of securing a 

supply. 

2. The question of Worcester’s rights in the Nashua River 

watershed was threshed out by the Legislature, a part of the 

watershed which yielded water by gravity to Worcester was set 

off to her, and the remainder given to the Metropolitan Water 

District. 

3. The Wachusett Reservoir, with its costly dam and dikes, 

was planned and constructed on the basis of receiving, storing 

and delivering the water from all the watershed now tributary 

to it. 

4. The diversion to Worcester of a large part of the flow of 
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the Quinepoxet River will cause a material deterioration in the 

quality of the water entering the Wachusett Reservoir. 

5. If the pending act is passed Worcester will pay less than 

$400,000 for the right to take the water which she seeks. As 

the yield of the territory in question is about 6,570,000,000 

gallons per year, and as the water taken is worth $30 per 

million gallons, the capitalized value, on a 5 per cent basis, 

to the Metropolitan Water District is about $4,000,000, and 

the cost of the same amount of water from new sources will be 

a much larger sum. In short, the Metropolitan Water District 

can better afford to make a gift of millions of dollars to the 

city of Worcester than to have Worcester take from the district 

the watershed sought by her. 

6. When one community (Worcester) needs more water in 

the near future, and a group of other communities (the Metro¬ 

politan District) will need more water some years later, it is 

bad public policy to permit the one to strip from the other a 

large fraction of its supply for all time. 

As Worcester will need additional water at a much earlier 

date than the Metropolitan District, and as the filtering of the 

Southern Sudbury Reservoirs and Lake Cochituate will not help 

that city, it is recommended that the considerable expense of 

constructing filtration plants be not incurred at present, but 

that the Metropolitan District and Worcester prepare to go 

jointly to the Ware River. A large supply of water may 

there be obtained at moderate cost. 

Inasmuch as the principal study has been given to the Swift 

River project, it is apparent that much engineering and other 

work must be done to determine the best method of taking the 

waters of the Ware. It is not yet satisfactorily determined 

whether any considerable reservoirs should be constructed oh 

the Ware, and if any are to be constructed the exact location 

will require detailed investigation and careful consideration. 

It may be that Worcester can be supplied by gravity through a 

high-level tunnel, in a manner advantageous to all concerned, 

or it may be better to pump water for all time several hundred 

feet from a low-level tunnel. 

Considerable time is required also for an accurate and com¬ 

plete study of the matter of damages for the diversion of water, 
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and the possibility of obtaining agreements with the owners of 

mills and power plants before the takings and construction work 

are authorized. 

It is therefore recommended that a moderate appropriation 

be made for a complete study of the problem of taking water 

from the Ware, and that the taking of lands and water and con¬ 

struction of works be not authorized at this session of the 

Legislature. 

All of which is respectfully submitted. 

JAMES A. BAILEY. 
January 27, 1922. 
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EXPENDITURES FOR WATER SUPPLY IN¬ 
VESTIGATIONS UNDER CHAPTER 49 

OF THE RESOLVES OF 1919. 

Appropriations made in 1919 and 1920 .$82,500 00 

Expenditures to January 28, 1922: 
Salaries of engineers and assistants, ex- 

perts, clerks and stenographers . $52,471 01 
Traveling expenses .... 13,463 16 
Observers. 722 81 
Borings and test pits for dam sites 14,276 38 
Stationery. 367 74 
Furniture and supplies .... 530 04 
Field office. 74 36 
Instruments and repairs 58 06 
Prints, books and maps 210 60 
Labor . 58 26 
Miscellaneous. 246 74 
Balance. 20 84 

- $82,500 00 

Note. — This statement includes all items of expenditure approved by 
the Joint Board. 
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RECOMMENDATIONS FOR LEGISLATION. 

The resolve under which the Commission was established 

authorized the presentation of drafts of legislation to carry out 

its recommendations. There are appended two resolves drafted 

for this purpose. A draft of a bill creating a proposed water 

district for southeastern Massachusetts has been outlined. 

When the Commission came to consider a draft of legislation 

for the extension of the metropolitan water supply it became 

apparent that no satisfactory suggestions could be made to the 

Legislature under existing circumstances, especially since such 

suggestions would involve the probable future relations of other 

cities and towns to the district. Feeling, however, that in its 

report the Commission has clearly outlined the basic principles 

upon which such legislation should be drawn, the Commission 

expresses the hope that the General Court will make such pro¬ 

vision as may be necessary to have drafts made and presented. 

Resolve to provide for Investigating the Matter of a Water Supply 

for the Cities and Towns of Essex County and Adjacent Por¬ 

tions of Middlesex County. 

Resolved, That the state department of public health be and hereby is 

authorized and directed to investigate the water suppl}r needs and resources 

of the cities and towns of the county of Essex and of municipalities in ad¬ 

jacent portions of the county of Middlesex. The said department shall 

determine the best method of suppbdng said municipalities with water and 

of protecting the purity of the water. Said department shall make such 

surveys as may be necessary to determine upon sites suitable for storage 

reservoirs in the watershed of the Ipswich river and of the Merrimack 

river within the limits of the state, with special reference to developing the 

highest practicable and economical yield for water supply purposes of the 

Ipswich river and its tributaries for the use of the cities and towns, or 

groups of cities and towns, which may reasonably be supplied therefrom, 

whether within the limits of Essex county or in adjacent parts of the state. 

Said department shall consider the practicabilit3r of the development of 

water supplies for any of the cities and towns, or groups of cities and towns, 

in the valley of the Merrimack river by the use of any natural ponds now 

used as sources of water supply or any ponds or reservoirs which may be 
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made available for the purpose, either alone or in connection with waters 

diverted from the watershed of the Ipswich river. Said department shall 

consider and examine proposed sources of water supply already recom¬ 

mended for the use of any of the municipalities in Essex county or adjacent 

parts of Middlesex county in previous reports, whether by state commis¬ 

sions or local authorities. 
The department may employ such engineers, geologists, and other ex¬ 

perts and assistants, and may incur such expenses, as may be necessary to 

carry out the provisions of this resolve and as may be approved by the 

governor and council. 
The commission shall report to the general court on or before the second 

Wednesday in January in the year nineteen hundred and twenty-three, 

and shall include in its report maps and plans showing proposed reservoirs 

or water supply systems, and may submit drafts of legislation which it 

may deem expedient to carry out its recommendations. 

Resolve relative to the Measurement of Certain Watersheds 

RECOMMENDED FOR WATER SUPPLY. 

Resolved, That the state department of public health be and hereby is 

authorized and directed to install such measuring and recording devices 

as may in its opinion be necessary accurately and permanently to record the 

amount of water flowing at all times in the Ware river, the Swift, Millers 

and Westfield rivers, or any tributaries thereof, at or as near as practicable 

and above any proposed point of taking or diversion of water from said 

rivers or tributaries for the water supply of the metropolitan water district 

or any other municipality, and all records so taken shall be kept on file by 

the said state department of public health, shall be open at all times to 

inspection by the public, and copies of the same shall be published in its 

annual reports. 

Said department shall also establish and maintain a sufficient number 

of rainfall stations in the watersheds of said rivers suitably located to show 

accurately the average rainfall within the said watersheds above the 

points at which stream-flow measurements are made. 

Draft of an Act creating the Southeastern Massachusetts 

Water Supply District. 

Section 1. A board of commissioners is hereby created which shall 

be known as the Southeastern Massachusetts Water Supply Board. 

Said board, acting for the commonwealth, shall acquire, improve, main¬ 

tain and operate a system of water supply to include certain ponds here¬ 

inafter named situated in the towns of Lakeville, Middleborough and 

Freetown, in Bristol and Plymouth counties, substantially in accordance 

with the recommendations of the joint board on wrater supply needs and 

resources of the commonw'ealth contained in their report to the legislature 

of the year nineteen hundred and twenty-twro, and shall provide thereby 
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a supply of pure water for the following-named municipalities and the 

inhabitants thereof, to wit: the cities of Fall River, Newr Bedford and 

Taunton, and the towns of Freetown, Lakeville, Acushnet, Dartmouth, 

Fairhaven, Dighton and Raynham, wdiich cities and towns shall constitute 

the southeastern Massachusetts water supply district. 

The said board shall secure, keep, develop to their full extent the said 

W'aters and protect their purity; shall on application admit to the district 

the towns of Swansea, Somerset or Westport or any municipality any 

part of which is within ten miles of the boundary point marking the corner 

of Lakeville, Freetown and Rochester, and including the towns of Swansea, 

Somerset, Westport, Berkley, Bridgewater, Middleborough, Carver, Ware- 

ham, Marion, Rochester, Mattapoisett and Fairhaven, into said water 

supply district, and furnish water for the same, on the terms prescribed 

by this act; shall on application furnish water for any water company 

owning the w'ater pipe system in any town within said ten miles, on such 

water company assuming the assessment of the town, if any, and making 

such payment of money as said board may determine; and may from 

time to time furnish water for any other city, town or water company on 

such payment of money as said board may determine. All payments of 

money aforesaid shall be used for the payment of bonds or interest thereon 

issued under authority of this act or for maintenance. 

APPOINTMENT AND ORGANIZATION OF BOARD. 

Section 2. The governor, by and with the consent of the council, 

shall appoint three commissioners who shall constitute the southeastern 

Massachusetts water supply board no two of whom shall be residents of 

the same municipality. Said commissioners shall hold office one for the 

term of three years, one for the term of two years, one for the term of 

one year, beginning with the first Monday in May in the year nineteen 

hundred and twenty-two, and annually thereafter the governor shall 

appoint as aforesaid one member of said board to hold office for a term of 

three years beginning with the first Monday in May in the year of his 

appointment. The governor, with the consent of the council, may remove 

any member of said board, and may appoint for the residue of the term, 

in the same manner in which the original appointment was made, a com¬ 

missioner to fill any vacancy occurring by removal, resignation or other¬ 

wise. The chairman of said board shall receive a salary of 

per year, and the other members a salary of per year. 
V 

OFFICERS AND ACCOUNTS. 

Section 3. Said board shall from time to time appoint such agents, 

officers, clerks and other employees as said board may deem necessary; 

shall determine the duties and compensation of such appointees, and 

may remove the same at pleasure, and may employ counsel; shall at all 

times keep full, accurate and separate accounts of the doings, receipts, 



42 METROPOLITAN WATER SUPPLY. [Mar. 

expenditures, disbursements, assets and liabilities of said board, and in¬ 

clude an abstract of the same in an annual report to the general court on 

or before the third Wednesday in January in each year. 

TAKING OF PROPERTY. 

Section 4. Said board may take by eminent domain under chapter 

seventy-nine of the General Laws, or acquire by purchase or otherwise, 

the waters of Long, Assawompsett, Pocksha ponds in the towns of Free¬ 

town, Lakeville, Middleborough, but shall allow not less than 

to flow from Assawompsett Pond into the Nemasket River. 

Said board may also take as aforesaid or acquire as aforesaid any or 

all of the ponds or water courses tributary to any of the aforesaid ponds 

excepting Great Quittacas, Little Quittacas and Elders ponds and their 

tributaries; shall take such water rights of the cities of Taunton and New 

Bedford in said Assawompsett, Long and Pocksha ponds, as they deem 

necessary, connected with said waters, and may take any lands in fee, 

easements, rights and any other property, excepting the pumping station 

of the city of Taunton now situate on Assawompsett Pond and lands 

adjacent thereto, that said board may deem necessary or desirable for 

carrying out the powers and duties conferred upon them by this act. 

TAKING BY RIGHT OF EMINENT DOMAIN. 

Section 5. Said board, to take any property by right of eminent 

domain, shall sign and cause to be recorded in the registry of deeds for the 

county and district in which the property to be taken is situated a state¬ 

ment containing a description thereof, as certain as is required in a common 

conveyance of land, and stating that the same is taken for the south¬ 

eastern Massachusetts water works; and upon such recording the ponds, 

works, lands, waters, easements, rights and other property described in 

said description shall be taken for the commonwealth. Said board, upon 

entering upon any land for the purpose of using the same for carrying out 

any of the purposes of this act, shall sign and cause to be recorded in the 

registry aforesaid a statement containing a general description of the land 

and the purposes for which it is to be used, and the probable time for 

which the same is to be used, and after they have taken any property 

under the right of eminent domain shall notify the owner thereof, and on 

the request of the owner within three years after such taking shall, within 

thirty days after such request, furnish him with a plan or description in 
writing of his land or other property so taken. 

OPERATION AND MAINTENANCE OF WORKS, CARE AND CONTROL OF PONDS, 

LANDS AND WATERS. 

Section 6. Said board shall have the exclusive right and control over 

all ponds and reservoirs used by them in supplying water, and may order 

all persons to keep from entering in, upon or over the waters thereof and 
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the lands of the commonwealth, city or town surrounding the same; may 

inspect the water works and fixtures in any city or town supplied wholly 

or in part from the works under their charge, and may take all proper 

measures to determine the amount used and wasted and to prevent the 
improper use or waste of water. 

USE AND SALE OF PROPERTY. 

Section 7. Said board may sell at public or private sale or may ex¬ 

change any property, real or personal, or any easements, whether taken 

by eminent domain or otherwise, no longer needed for works under their 

charge or may from time to time lease any property not then so needed; 

and may in their discretion, by lease, license or other agreement, permit 

the construction and maintenance on any land under their control of 

towers, poles, wires and other structures for the purpose of transmitting 

electric power over lands and waters of the commonwealth held for water 

supply purposes; provided that, in the opinion of the board, such lease, 

license or agreement will not affect or interfere with the water supply; 

and provided, further, that no lease, license or agreement shall be given 

or made for a period of more than fifteen years. The proceeds from the 

operations of said board shall be paid into the treasury of the common¬ 

wealth. 

LOCATION OF MUNICIPAL PUMPING PLANTS AND THEIR APPURTENANCES. 

Section 8. Said board shall (subject to the provisions of section 

seventeen) agree with any city or town as to the location of new pumping 

plants and appurtenances for pumping water from the ponds or reservoirs 

which it may control, and it shall fix the location of all new intakes, 

pumping stations and their appurtenances on the aforementioned ponds, 

and shall either prepare or approve the plans for the same, and the mainte¬ 

nance of all pumping stations and their appurtenances where the water 

is drawn directly from the said ponds and reservoirs under the control of 

said board shall be subject to its approval. 

EXPENSES OF WORKS, DAMAGES AND POLICE PROTECTION. 

Section 9. Said board shall incur such expenses as they deem neces¬ 

sary in taking, constructing, operating and maintaining the water works 

under their charge; may agree with the party injured, upon the damages 

sustained by the taking or use of any lands, ponds, reservoirs, water sources 

or other propert}^, or the cancellation of contracts, as aforesaid; the 

damages sustained by any person or corporation in property by any 

taking of property or by any change of grade, alteration or discontinuance 

of any public way or by the construction or maintenance of any reservoir 

or other work, or by the interference with the use of any water, or by any 

other act or thing done by said board under this act; shall save harmless 

the several cities and towns within which any road, street or way is dug 
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up as aforesaid, against all damages for injuries resulting from a defect 

or want of repair in any road, street or way, caused by such digging up, 

or by constructing, laying, maintaining or repairing any aqueduct, conduit, 

pipe, wires or other works therein, and shall furnish without charge to all 

towns within which any work is done under authority of this act such 

additional police protection as may be necessary in consequence thereof; 

provided that said board shall have due and reasonable notice of the 

claims for such damages and opportunity to make a legal defence thereto. 

PETITIONS FOR DAMAGES IN SUPERIOR COURT. 

Section 10. If said board and a city, town, person or corporation 

cannot agree upon any damages sustained as aforesaid, they may, except 

in the case in which payment is otherwise provided for in this act, within 

two years after the day of the taking of any land, water, easements or 

other property, or of the use of any property, or of the making of any 

change of grade, alteration, discontinuance or location of a way, or of the 

doing of any other act or thing causing the damage, file in the office of the 

clerk of the superior court for the county in which the property taken, 

used or affected in value by such taking or other act of said board is 

situated, a petition signed by the petitioner or the attorney of the pe¬ 

titioner, for a jury to determine such damages, and thereupon, after such 

notice as said court shall order, the damages so sustained shall be de¬ 

termined by a jury in said court in the same manner as damages for lands 

taken for highways are determined. In determining any damages caused 

by any change of grade or discontinuance of a public way, or the substitu¬ 

tion of a part of a public way for another part, there shall be taken into 

account any benefit to the party injured received from this act and every¬ 

thing done thereunder. Interest shall be included in such damages from 

the date of the taking, or the doing of the act or thing causing the damages, 

and costs shall be taxed and execution issued as in civil cases, against the 

commonwealth in case the petitioner prevails and against the petitioner 

in case he does not prevail. Damages for the temporary use of or injury 

to property, may, on the request of the petitioner, be assessed by monthly 

payments, to be continued so long as the property is used. 

SOUTHEASTERN MASSACHUSETTS WATER LOAN. 

Section 11. The treasurer and receiver general shall, from time to 

time, on the request of said board, issue negotiable bonds in the name 

and behalf of the commonwealth under its seal to an amount not ex¬ 

ceeding designated on the face thereof, Southeastern Massa¬ 

chusetts Water Loan. Said bonds shall be deemed a pledge of the faith 

and credit of the commonwealth, and shall be issued in accordance with 

the provisions of chapter twenty-nine of the General Laws. 
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PAYMENTS BY STATE TREASURER — ADVANCEMENTS TO DISBURSING 

OFFICER. 

Section 12. Said treasurer shall apply the proceeds from the sales 

of property made as hereinbefore provided, and the proceeds from the 

sales of said bonds, exclusive of the amounts received from premiums, to 

the payments for the property taken by said board, the payment of the 

damages aforesaid and the payment of the expenses of construction of 
said water works, and the other payments specified in this act, and shall 

apply any assessments hereinafter provided for paid by the cities and 

towns, and the proceeds from the operations of said board exclusive of 

the proceeds from sales of property, to the payment of the interest and 

expenses of maintenance and operation of said water works, and shall 

take the balance required for said payments, if any, from the proceeds of 

said bonds, and shall apply the surplus, if any, to the payment of said 

interest, principal requirements and expenses, for the following year. 

Said treasurer shall advance to such person as shall have been designated 

by said water board and shall have given a bond to said treasurer with 

sufficient sureties, to be approved by the auditor of the commonwealth, 

in the sum of ten thousand dollars, such sums, not exceeding ten thousand 

dollars at any time, as said person may certify to be necessary to enable 

said board to make direct payment upon the pay rolls and other accounts 

of said board, and such person shall, as soon as may be after expending 

any sum so advanced, and in all cases within thirty days from the receipt 

of any such sum, file with the auditor a statement in detail of the moneys 

expended subsequent to the last previous accounting, approved by said 

water supply board, and, where it is practicable to obtain them, also file 

receipts or other like vouchers of the person to whom the payments have 

been made. 

estimate and apportionment of annual expenses. 

Section 13. 

CONTROL AND DISTRIBUTION OF WATER BY CITIES AND TOWNS. 

Section 14. The water board, water commissioners or superintendent 

of any city or town in the southeastern Massachusetts water district shall 

for their respective cities or towns continue to have full charge and control 

of the water sources, water and water works owned and used by said city 

or town except where otherwise specifically provided in this act. Said 

local water board, water commissioners or superintendent shall distribute 

and control the use of the water so furnished and apply meters and extend 

the pipes and other works as said local water board, water commissioners 

or superintendent may deem expedient; shall keep the pipes, fixtures and 

other works under their charge in good condition and repair, but shall not 

expend in any year more than the amount appropriated by the city or 

town therefor. Said local water board, water commissioners or superin- 
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tendent, or the mayor or selectmen, as existing laws provide or future laws 

may provide, shall determine the rate to be paid for water by the owner 

of the premises to which the water is furnished, or by the person or persons 
using the water. Any local water board, water commissioner or superin¬ 

tendent as aforesaid shall for the water works under his charge do all the 

acts and things relating to buildings, machinery, roads, conduits, aque¬ 

ducts, pipes and drains, which said local board is authorized to do for 

the water works under their charge, and may take lands therefor in fee 

or otherwise, and shall do all such acts and things and make all such 

takings in the manner in which said local board is authorized to do similar 

things, and the damages sustained shall be recovered of, and paid by, 

the city or town for which such local water board, water commissioners 

or superintendent are appointed or elected, in the same manner as damages 

caused by similar acts of said southeastern Massachusetts water supply 

board are recovered of, and paid by, the commonwealth. 

Section 15. The income received in each city or town from the 

water works under the charge of its water board, water commissioners or 

superintendent, shall be applied to the payment of the expenses of main¬ 

tenance and operation incurred by said water board, water commissioners 

or superintendent; to the payment of the interest and sinking fund re¬ 

quirements of all bonds and the payment of serial bonds as they become 

due, of the city or town issued on account of the water works of such 

city or town; to the assessment of the city or town to be paid to the 

treasurer of the commonwealth as hereinbefore provided; to the expenses 

of the extension of the works; and the balance, if any, as the city or 

town may determine. If such income in any year shall not be sufficient 

for said payments, the balance required therefor shall be raised by taxation 

or by loan, as the city or town may determine; and the city or town is 

hereby authorized to assess such taxes and make such loans without 

further authority from the legislature. 

SPECIAL PROVISIONS AS TO WATER SUPPLIES IN WATER DISTRICT. 

Section 16. No municipality, including Swansea, Westport and those 

within ten miles of the existing boundary point marking the corner of 

Lakeville, Freetown and Rochester, or any water company owning a 

water pipe system in any such municipality, shall, except in case of emer¬ 

gency, use, for domestic purposes, water from any source not now used 

by it except as herein provided or as shall be hereafter authorized by the 

legislature. If any town or towns in said district shall take the franchise, 
works and property in such town or towns of any water company, the 

compensation to be allowed and paid therefor shall not be increased or 

decreased by reason of the provisions of this act. No town in said water 

district now supplied with water by a water company owning the water 

pipe system in such town shall introduce water from the southeastern 

Massachusetts water supply works until it shall first have acquired the 

works of such company. 
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APPROVAL OF STATE DEPARTMENT OF PUBLIC HEALTH AND SANITARY 

PROTECTION OF SOUTHEASTERN MASSACHUSETTS WATER SUPPLY. 

Section 17. No land shall be taken for preserving the quality of the 

water or subsequently exchanged or sold, nor shall any plan for the con¬ 

struction of works for improving the quality of the water, or adding to 

or extending the sources of supply or constructing new intakes, filters or 

other works in connection with said ponds or any works to take water 

therefrom under the provisions of this act to be put into effect, without 

first obtaining the advice and approval of the state department of health. 

PROTECTION OF WATER SUPPLY AND WORKS OF CITIES AND TOWNS. 

Section 18. No person shall take or divert anjr water of a water 

supply of any city or town in said water district from any water source, 

reservoir, conduit or pipe used for supplying such water to or in any such 

city or town, or occupy, injure or interfere with any such water, or with 

any land, building, aqueduct, pipe, drain, conduit, hydrant, machinery 

or other work or property so used, and no person shall corrupt, render 

impure, waste or improperly use, any such water. 

ENFORCEMENT OF WATER ACT AND RULES AND REGULATIONS. 

Section 19. Said southeastern Massachusetts water supply board, 

and their employees designated for the purpose, shall enforce the provisions 

of this act, and of the rules, regulations and orders made thereunder, and 

may enter into any building, and upon any land, for the purpose of ascer¬ 

taining whether sources of pollution there exist, and whether the pro¬ 

visions of this act and of the rules, regulations and orders made as afore¬ 

said, are complied with. 

Section 20. The supreme judicial court or any justice thereof, and 

the superior court or any justice thereof, shall, in term time or vacation, 

on the petition of said board or any city, town, corporation or person 

interested, or of the attorney of any such petitioner, have jurisdiction in 

equity or otherwise to enforce the provisions of this act, and of any rule, 

regulation or order under the authority of this act, and to prevent any 

violation of said provisions, rules, regulations or orders. 

PENALTIES. 

Section 21. Whoever shall do any of the acts herein prohibited, or 

shall violate or refuse to comply with any rule, regulation or order made 

under the authority of this act shall, on complaint or indictment therefor 

and conviction thereof, be punished for each offence by a fine not exceeding 

five hundred dollars, to be paid to the commonwealth, or by imprison¬ 

ment not exceeding one year in the house of correction, or by both such 

fine and imprisonment. 



48 METROPOLITAN WATER SUPPLY. [Mar. 

REPORT OF CONSULTING ENGINEER. 

January 6, 1922. 

Dr. Eugene R. Kelley, Chairman, Commission on Water Supply Needs 

and Resources of the Commonwealth, Boston, Mass. 

Sir: — During the past eighteen months I have followed 

the studies and investigations made by your chief engineer and 

his staff, the results of which are given in his excellent report, 

and have been able to give advice and assistance while the vari¬ 

ous problems were under discussion, at the time when such 

advice and assistance would be most valuable and effective. 

To review his report now would result largely in stating in 

other language what has already been stated, and could serve 

no useful purpose. I have, therefore, confined my report to a 

statement of a few basic facts, in an attempt to emphasize the 

gravity of the situation and give my opinion as to the feasi¬ 

bility and practicability of the entire project as recommended. 

The present consumption and available supply, the rate of 

growth of population, the per capita daily use, and the time 

necessary to construct a new supply to the point where addi¬ 

tional water becomes available are the factors which determine 

the question as to when active steps must be taken to prepare 

plans and begin their execution. The estimated population to 

be supplied in the future and the availability and capacity of 

possible sources of supply determine the choice of source. 

The report presented by the chief engineer has gone into all 

these points with painstaking care and thoroughness. He has 

presented the facts and his conclusions in a comprehensive way, 

and they are convincing. I have been in close touch with his 

investigations and studies, and endorse his findings, which are 

conservative. Higher estimates of consumption might well 

have been made for the purpose in hand. 

Engineers who have studied the subject recognize that there 

is a slow and progressive increase in the daily per capita use of 

water, whether the supply is delivered through meters or other- 



1922.] HOUSE — No. 1550. 49 

wise, and to this fact due consideration must be given in mak¬ 

ing forecasts. 

The Metropolitan District is now in the position where the 

slack has practically all been taken out by the introduction of 

meters, and no other remedy for reducing the consumption 

can be applied except a rationing of the water. This, of 

course, is impossible, and the only known solution is to be 

found in an increase of the supply. 

Estimates as to just when an addition to the water supply 

will be needed may differ by a few years, as they depend on 

natural phenomena which vary widely from year to year, such 

as rainfall, drought, industrial activity and hard times, heat and 

cold, etc. The one thing essential is that the new supply shall 

arrive in time so that the people may not suffer the hardships 

of a deficiency. 

Water is absolutely essential to life and to the growth, 

health and prosperity of a community. It gives the greatest 

return value for the least outlay of any one of the necessities 

which are essential to the subsistence and happiness of a people, 

who pay — and pay willingly — the entire expense. A few 

cents paid every day by each family is sufficient to meet all 

charges and to extinguish the debt. 

It is unthinkable that the public should be compelled to 

assume the hazard of a shortage of water, or even be put to 

any inconvenience respecting the sufficiency of their supply. 

In the present situation it is entirely certain that they will in 

the near future suffer a shortage unless plans are progressed 

and work on an addition to the supply is begun at an early 

date. 

The total safe available supply is about 155,000,000 gallons 

daily. The average consumption for the past three years, 

1918 to 1920, inclusive, was 125,000,000 gallons daily. The 

balance, 30,000,000 gallons daily, is only equal to about seven 

years’ normal increase in consumption. The time necessary to 

construct the required works, so that some additional water will 

be made available, is seven years from the time the contracts 

are executed. 

A study of the past shows that additions to the water sup¬ 

plies of cities and communities have never been completed too 
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soon, and that in most, if not all, cases the people have been 

compelled to suffer the trials of a deficient supply. 

The chief engineer has recommended that the next increment 

of the water supply should come from a point about 25 miles 

w^est of the present Wachusett Reservoir, which, at the time 

of its construction, wTas built of very large capacity and writh a 

view to the probability that at a later time additional w^ater 

wrould be secured from areas further to the west. The aque¬ 

duct leading from it to Sudbury Reservoir has a surplus capac¬ 

ity of about 200,000,000 gallons daily over the quantity that 

can be furnished by Wachusett Reservoir. 

It is now proposed to build a large storage reservoir on the 

Swift River above West Ware, in which would also be stored 

wrater from portions of the Millers and Ware rivers. The loca¬ 

tion proposed is an extraordinarily favorable one, because an 

immense storage can be created by the construction of two 

moderate-sized dams. The drainage areas are sparsely popu¬ 

lated, and the w^ater is very pure and admirably suited for 

domestic use. The conformation of the ground is particularly 

advantageous, and portions of both the Millers and Ware rivers 

can easily be diverted into this reservoir. 

The aqueduct line to the Wachusett Reservoir will be about 

25 miles long, largely in tunnel. 

The investigations which have been made are entirely suffi¬ 

cient to show the practicability of the whole project and to 

serve as a basis for the cost estimates. I have given particular 

and continuous attention to both of these features, and can 

state that the construction of the dams is entirely practicable 

and will involve no unusual or insurmountable problems. The 

aqueduct also is entirely feasible and not unlike other tunnel 

wrork, an immense amount of which has been done in this gen¬ 

eral vicinity. 

The estimates of cost have been made to conform to present 

conditions, and I believe them to be conservative and sufficient 

to cover all of the construction work. 

Approval of this plan should settle the wyater problem of the 

Metropolitan District and contiguous areas for a long time to 

come. It also has the advantage that at some later date, if 

required, additional supplies of w^ater may be secured with 
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comparatively small expenditures. It is by all odds the best 

source from which water of a quality suitable for domestic 

use can now be secured in large quantities and be made avail¬ 

able for meeting the urgent needs of the large and increasing 

population of Boston and the metropolitan area surrounding it. 

People are growing more and more exacting regarding the 

quality of the wrater supplied them, and demand, in addition 

to being safe, that the wrater should be clean and free at all 

times from color, odor or turbidity. It seems certain, then, 

that in the not distant future all surface water supplies must be 

filtered before delivery to the consumer. 

Respectfully submitted, 

J. WALDO SMITH, 

Consulting Engineer. 
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REPORT OF CHIEF ENGINEER. 

To the Joint Board on Water Supply Needs and Resources. 

Gentlemen: — In accordance with the request of the Joint 

Board, I present herewith a report upon the water supply 

needs and resources of the Commonwealth under the pro¬ 

visions of chapter 49 of the Resolves of the year 1919. 

Organization and Scope of the Investigation. 

In order to make the investigation called for by the resolve 

it became necessary to create an organization to assist in the 

work. The difficulty in securing a force of engineers of suffi¬ 

cient experience, together with other unfavorable conditions, 

was the cause of considerable delay at the beginning, and little 

was accomplished until 1920, when the full appropriation be¬ 

came available. 

Mr. Bertram Brewer, for many years city engineer, and 

latterly also superintendent of water works, of Waltham was 

engaged as principal assistant engineer in general charge of the 

work. Mr. Karl R. Kennison, an engineer of experience in the 

design of hydraulic works of great importance, was engaged 

to prepare the designs for the larger structures, while Mr. 

Arthur D. Weston, Mr. N. LeRoy Hammond and Mr. Francis 

H. Kingsbury have also been employed in special investiga¬ 

tions or in charge of surveying in the field or of major calcula¬ 

tions and estimates in the office, while Mr. John S. Hodgson 

was engaged to make some special financial investigations. 

Messrs. George R. Hulme, Elmer C. Houdlette and Forrest 

F. Harbour were in charge of field parties. 

Mr. F. P. Stearns, consulting engineer at the time the 

work was begun, died on December 1, 1919, before much had 

been accomplished, to the great regret of his associates and the 

irreparable loss of the State. 

Mr. J. Waldo Smith, chief engineer of the New York Water 

Supply Board since the beginning of construction, was later 
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appointed consulting engineer, and he has followed the investi¬ 

gations and advised freely from time to time as they have 

progressed. 

Prof. William O. Crosby, geologist, has made a comprehen¬ 

sive report on the geology of the Swift River valley, and Dr. 

Charles P. Berkey of the department of geology of Columbia 

University has given valuable advice concerning the investiga¬ 

tions for and the location of dam sites. 

Mr. Charles T. Main, consulting engineer, has advised as to 

the estimates of water damages, and Mr. H. W. Clark, chemist 

in charge of the Lawrence Experiment Station of the Depart¬ 

ment of Public Health, and Director of the Division of Water 

and Sewage Laboratories, has advised as to filtration problems. 

The language of the resolve directing the inquiry is very 

broad, and, strictly interpreted, includes the investigation of 

water supply needs and resources of all the cities and towns of 

the State. On account of the limited funds provided for the 

purpose, however, the investigation has necessarily been re¬ 

stricted to those cities, towns and districts which are already 

provided with public water supplies, and especially to those in 

which the need of additional supply is greatest at the present 

time. 

Growth of Population in Massachusetts. 

The growth of population in Massachusetts has been con¬ 

tinuous since census enumerations were first made, but in the 

years that have passed since the beginning of the general intro¬ 

duction of public water supplies, a date which is fixed approxi¬ 

mately by the introduction of water from Lake Cochituate 

into the city of Boston in 1848, the population of the cities and 

larger towns has increased more rapidly than that of the State 

as a whole, while the rural population has steadily declined. 

In 1920, of the 354 cities and towns of the State, 216, or 61 

per cent of the total number, were provided with public water 

supplies in the whole or in a part of their territory, but these 

216 municipalities contained 96 per cent of the total popula¬ 

tion of the State. 

It has been assumed for the purposes of this report that the 

population of the various municipalities considered will con¬ 

tinue to increase in the future about as indicated by past 
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experience though at a diminishing rate. The population of the 

larger municipalities of the State has been increasing con¬ 

stantly for many years, and there is no present indication that 

a limit is being approached. There has been, to be sure, a 

reduction in the rate of growth of the population during the 

recent census period in many cities and towns, and in some a 

great acceleration, but these were temporary conditions brought 

about by the war and have been common to most States 

and countries; but with the close of the war the growth in 

population will no doubt return to its normal rate. 

General Increase in Water Supply Requirements. 

It has also been assumed that the quantity of water required 

for each unit of the population will continue to increase slowly 

in the future, as * indicated by records of water consumption 

in the past, which are available in most of the cities and towns 

for long periods of years. These records show that, while the 

quantity of water used per individual of the total population 

may vary considerably from time to time in a given munici¬ 

pality with the varying effectiveness of efforts to prevent un¬ 

necessary use and waste, with business and industrial activity, 

and with variations in the character of the seasons, this quan¬ 

tity has been, on the whole, a constantly increasing one. This 

increase is no doubt due largely to gradually improving stand¬ 

ards of living in American municipalities, and to increasing 

demands for water for business and industrial uses, and its 

limit cannot be foreseen. 

These assumptions as to growth of population and increase 

in water supply requirements will doubtless vary more or less 

from the facts as ultimately disclosed, but they appear to 

furnish the most reliable basis available for estimating the 

probable requirements of the various municipalities in the 

matter of water supply, the adequacy of present sources of 

supply, and the availability of sources capable of development 

for the use of a given municipality or district. 
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THE METROPOLITAN DISTRICT. 

PART I. WATER SUPPLY REQUIREMENTS. 

Municipalities in the Metropolitan Water District. 

The Metropolitan Water District was created by chapter 488 

of the Acts of the year 1895. It includes at the present time 

the city of Boston and eighteen suburban cities and towns, as 

follows:—Arlington, Belmont, Chelsea, Everett, Lexington, 

Malden, Medford, Melrose, Milton, Nahant, Newton, Quincy, 

Revere, Somerville, Stoneham, Swampscott, Watertown and 

Winthrop. 

Growth of Population in the Metropolitan Water 

District. 

The total population of the Metropolitan Water District by 

the census of 1920 was 1,252,903, of which number 748,060 

were included in the city of Boston and 504,843 in the suburban 

cities and towns. Save for the period of the recent war with 

Germany, the increase in population in thirty-year periods, 

ending with the census years since 1880, has ranged from 104 

to 124 per cent; in other words, excepting in the period of 

the recent war, the population of the district has more than 

doubled in each thirty years. In the period of the recent war 

the increase in population was materially less than formerly, 

but the same was true of New YTork and many other communi- 

ties, and no doubt represents a temporary condition such as 

prevailed in many places from 1861 to 1865 and which passed 

with the close of the Civil War. 

In estimating the future population of the Metropolitan 

Water District for the purpose of determining its needs in the 

matter of water supply it has been assumed that the rate of 

growth will be less in the future than has been the case in the 

past. Including the war period from 1915 to 1920, the popula¬ 

tion of the district about doubled in number in the last thirty- 

two years. In estimating the future population of the district, 

it has been assumed that the rate of increase will be about 

two-thirds as great; that is, it has been assumed that in the 

future it will require about fifty years for the population to 
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become double what it is to-day. On this assumption the 

percentage of growth would decrease rapidly in the future, as 

is shown by the following table and diagram, which give the 

actual percentage of increase in the population of the district 

in thirty-year periods prior to 1920, combined with the esti¬ 

mated percentages of increase in similar periods from 1920 to 

1970. 

Table showing Percentage of Population Increase by Thirty-year Periods, 

with Estimates for 1920 to 1970. 

1850-1880 

1855-1885 

1860-1890 

1865-1895 

1870-1900 

1875-1905 

1880-1910 

1885-1915 

1890-1920 

L" ' 

Metropolitan District, including Newton. 

Actual. 

123.6 1895-1925 

103.6 1900-1930 

109.6 1905-1935 

123.3 1910-1940 

124.2 1915-1945 

103.5 1920-1950 

113.7 1925-1955 

115.9 1930-1960 

89.1 1935-1965 

1940-1970 

Estimated. 

81.2 

73.0 

73.6 

66.8 

59.8 

63.8 

58.0 

52.9 

48.8 

45.1 

Upon the basis of the past growth in population, and with 

the allowance indicated above for a lesser rate of growth in the 

future, the following table has been prepared, showing the 

actual population of the district from census records from 1850 

to 1920, and the estimated population in each census year from 

1920 to 1970. 
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Table showing Population of Metropolitan Water District, 1850-1970. 

Metropolitan 
Water Dis¬ 

trict, exclud¬ 
ing Newton. 

Newton. Total. 

1850 . . a 218,766 5,258 224,024 

1855 . 266,531 6,768 273,299 

1860 . 307,661 8,382 316,043 

1865 . 333,089 8,975 342,064 

1870 . 378,650 12,825 391,475 

1875 . . 451,399 16,105 467,504 

1880 . • 483,832 16,995 500,827 

1885 . . . • 536,566 19,759 556,325 

1890 . ' . 638,053 24,379 662,432 

1895 . 735,827 27,590 763,417 

1900 . 843,953 33,587 877,540 

1905 . • 914,614 36,827 951,441 

1910 . 1,030,450 39,806 1,070,256 

1915 . • 1,158,187 43,113 1,201,300 

1920 . • 1,206,849 46,054 1,252,903 

19251 . 1,333,680 50,200 1,383,880 

1930 . . • 1,463,870 54,500 1,518,370 

1935 . . • 1,592,460 58,900 1,651,360 

1940 . 1,721,550 63,200 1,784,750 

1945 . 1,851,730 67,600 1,919,330 

1950 . • . • > v. . • • • 1,979,870 71,800 2,051,670 

1955 . 2,111,080 76,000 2,187,080 

1960 . • 2,241,270 80,300 2,321,570 

1965 . 2,373,500 84,500 2,458,000 

1970 . 2,501,170 88,800 2,589,970 

1 1925-70 estimated. 

The above figures do not include a small part of the town 

of Saugus supplied with water by the Metropolitan Water 

District, which in 1920 contained 280 inhabitants. 

Increase in Water Consumption per Capita in the Metro¬ 

politan Water District. 

The total quantity of water used for the supply of the Metro¬ 

politan Water District in the year 1920, including the city of 

Newton, was 130,952,000 gallons per day. Excluding the city 
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of Newton, which provided its entire water supply during the 

year from its own sources, the quantity of water used by the 

district in 1920 was 127,265,000 gallons per day, or 105.5 gal¬ 

lons to each inhabitant. 

There have been great variations in the consumption of water 

in the municipalities now comprising the Metropolitan Dis¬ 

trict since water supplies were first introduced. The aggregate 

amount of water used in these municipalities, excluding Newton, 

in the year 1894, the year before the district was established, 

was 63,759,000 gallons per day, or 89 gallons per inhabitant; 

that is, the quantity of water used in that year was about 

one-half the amount required for the water supply of the dis¬ 

trict in 1920. Beginning in 1895 with the establishment of the 

Metropolitan Water District, the consumption of water per 

inhabitant rose rapidly until 1904, when the more liberal use of 

meters was begun and the practice soon became general. The 

consumption of water per capita still remained high for several 

years, however, reaching 128.4 gallons in 1908, when 22 per 

cent of the services had been metered; but following legis¬ 

lation in the previous year, requiring the use of meters on all 

services, the general introduction of meters throughout the 

district proceeded rapidly until the year 1915, when 67 per 

cent of all the services in the district had been metered and the 

consumption of water per capita had fallen to 88 gallons per 

day, the latter amount being slightly less than the quantity 

used in the same municipalities in 1894. 

This great and rapid reduction in the use of water per capita 

by means of the general application of meters appeared to 

solve the problem of waste prevention, a subject which has 

engaged the serious attention of water works authorities since 

water works were first introduced; but following the compara¬ 

tively small quantity of water used in 1915, which was no 

doubt due to a combination of causes all operating to produce 

a minimum use of water, the consumption of water per capita 

again began to increase, and in 1920 had risen to 105.5 gal¬ 

lons per day, notwithstanding the fact that the percentage of 

metered services had risen in this period from 67 to 75. In one 

of these years — 1918 — the quantity of water used per capita 

rose to 109.3 gallons in consequence of an unusually cold winter. 
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The conditions described have been general throughout the 

district. In the city of Boston the percentage of metered 

services is less than in the district as a whole, while in the dis¬ 

trict exclusive of the city of Boston the proportion of metered 

services is greater; but the experience has been practically the 

same in each, viz., a great rise in the consumption of water 

per capita following the creation of the district, and a great 

reduction during the general introduction of meters, which 

continued until about two-thirds of the services had been 

metered, when the consumption per capita again began to rise, 

though the percentage of metered services was still increasing. 

The variations in the daily consumption of water, the consump¬ 

tion of water per capita and the per cent of metered services, 

so far as available, are shown in the following tables and 

diagram: — 

Average Daily Water Consumption, Metropolitan Water District. 

Year. Metropolitan 
Water District. Newton. Total. 

1893 . 64,795,000 1,370,000 66,165,000 
1894 . . . . . 63,759,000 1,623,000 65,382,000 
1895 . 67,698,000 1,801,000 69,499,000 
1896 . 76,548,000 1,812,000 78,360,000 
1897 . 78,989,000 1,804,000 80,793,000 
1898 . 81,893,000 1,758,000 83,651,000 
1899 . , 90,075,000 2,036,000 92,111,000 
1900 . 95,973,000 2,086,000 98,059,000 
1901. 102,802,000 1,843,000 104,645,000 
1902 . 108,418,000 1,927,000 110,345,000 
1903 . 108,168,000 2,109,000 110,277,000 
1904 . 114,937,000 2,188,000 117,125,000 
1905 . 117,757,000 2,151,000 119,908,000 
1906 . 118,567,000 2,223,000 120,790,000 
1907 . 125,307,000 2,318,000 127,625,000 
1908 . 126,479,000 2,444,000 128,923,000 
1909 . 120,240,000 2,344,000 122,584,000 
1910. 113,239,000 2,505,000 115,744,000 
1911. 110,907,000 2,583,000 113,490,000 
1912. 116,231,000 2,732,000 118,963,000 
1913. 103,848,000 2,889,000 106,737,000 
1914. 107,036,000 2,960,000 109,996,000 
1915. 101,942,000 2,830,000 104,772,000 
1916. * 106,338,000 3,099,000 109,437,000 
1917. 110,032,000 3,121,000 113,153,000 
1918. 129,764,000 3,426,000 133,190,000 
1919. 120,594,000 3,488,000 124,082,000 
1920 . 127,265,000 3,687,000 130,952,000 

Records from 1893-1903, inclusive, based on pumpage records. 
Records from 1904 to date, inclusive, based on meter records. 
Records from 1893-1908, inclusive, include small amount of water supplied by Revere to Saugus 

(this amount not included after 1908). 

4 
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Increase in per Capita Consumption of Water in Large 

Northern Cities. 

In view of the fact that the consumption of water in the 
Metropolitan Water District has begun to increase again, 
notwithstanding the general use of meters, the question arises 
as to whether this experience is exceptional or whether it has 
been the general experience in cities which have adopted the 
meter system and in which a large proportion of the services 
are metered. The practice of the general metering of water 
service pipes has come into vogue in comparatively recent years, 
and the experience as to the variations in the consumption of 
water per capita after general metering has been established 
has been necessarily a comparatively short one in most cases. 
Nevertheless, this experience furnishes most valuable informa¬ 
tion as to the tendency in water consumption at the present 
time, and especially as to the effect of the general use of meters. 
In connection with this question, information has been sought 
as to the consumption of water per capita and the use of meters 
in all of the large northern cities of the United States east of 
the Rocky Mountains where climatic conditions are similar 
to those in Massachusetts. In this territory, exclusive of the 
Boston Metropolitan District, there are 13 cities which con¬ 
tained by the census of 1920 a population in excess of 400,000. 
Records of the consumption of water per capita and of the 
per cent of metered services so far as available have been 
obtained from all of these cities for periods covering in nearly 
all cases as many as thirty years. From these records it 
appears that in 5 of these cities over 90 per cent of the services 
were supplied with meters in 1920, while in all of the other 
cities the percentage of metered services is less than in the 
Metropolitan Water District. These 5 cities and the percent¬ 
age of services metered in each in 1920 are shown in the fol¬ 
lowing table: — 

Per Cent. 

Detroit . . 97 
Cincinnati # , . 99 
Cleveland . 100 
Milwaukee . > . 99 
Newark . . 92 
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Effect of High Percentage of Metered Services in the Largest 

Cities. 

In Detroit there had been a few metered services for many 

years, the number rising to about 13 per cent in 1914 and to 

24 per cent in 1915. In the following three years meters were 

applied rapidly, the number rising to 96 per cent in 1919. In 

this period the consumption of water per capita fell from 169 

gallons in 1915 to 129 gallons in 1919, rising in 1920 to 144 

gallons. 

In Cincinnati the number of metered services was low for 

many years, but this number had risen to about 21 per cent in 

1908 and to 33 per cent in 1910. Meters were applied rapidly 

following the latter year until in 1917 the percentage of serv¬ 

ices metered amounted to about 71 per cent, or a little less 

than the percentage of metered services in the Metropolitan 

District in 1920. The metering of the service pipes was con¬ 

tinued, however, until 99 per cent of the services were metered 

by 1920. The consumption of water per capita in 1917 was 

132 gallons, the amount falling in 1919 to 130 gallons and in 

1920 to 123 gallons. 

In Cleveland the general introduction of meters was begun 

about 1902, when the consumption of water per capita was 168 

gallons. This amount decreased rapidly as the number of 

meters increased, until in 1905, when 68 per cent of the serv¬ 

ices were metered, the consumption per capita had fallen to 

128 gallons. It continued to fall until 1909, when it amounted 

to 94 gallons, with 97 per cent of the services metered. Since 

1909, with over 97 per cent of the services metered, the con¬ 

sumption of water per capita has risen from 94 to 152 gallons 

in 1920. 

In Milwaukee the experience has been similar to that of 

Cleveland. A high consumption of water per capita was 

reduced by the general introduction of meters, and when 72 

per cent of the services had been metered in the year 1901 

the consumption of water per capita had fallen in the previous 

ten years from a maximum of 113 gallons to a minimum of 82 

gallons. Since 1901 the consumption per capita has risen, 

notwithstanding the practically complete metering of all the 

services in the city, reaching a maximum of 134 gallons in 1920. 
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In Newark, N. J., in the years 1912, 1913 and 1914, with 

56 to 59 per cent of the services metered, the average per capita 

consumption was 104 gallons per day. In 1918, 1919 and 1920, 

when the percentage of metered services had increased from 

90 to 92 per cent of all the services, the per capita consump¬ 

tion averaged about 107 gallons per day; that is, the increase 

in the percentage of metered services from less than 60 to over 

90 had been accompanied by an increase in the consumption 

of water per capita. 

The accompanying diagrams show the per capita consump¬ 

tion and the per cent of metered services in these 5 cities, so 

far as the records of consumption are available. 

So far as the experience of these 5 cities shows, the general 

use of meters has caused at first a great reduction in the con¬ 

sumption of water per capita, but in two of these cities, — 

Cleveland and Milwaukee, — since the bulk of the services 

were metered the consumption of water per capita has again 

increased rapidly, notwithstanding the fact that the percentage 

of metered services has increased until practically all of the 

services are metered. In the cities of Detroit and Cincinnati 

the experience has been too short to enable safe conclusions to 

be drawn, the experience in one case having shown an increase 

since complete metering, and in the other a decrease in a period 

of one or two years. In the case of Newark, where the records 

available are limited, the full effect of the use of meters appears 

to have been obtained when the percentage of metered services 

amounted to from 55 to 60 per cent. Since that time the 

increase of metered services to over 90 per cent has been ac¬ 

companied by an increase in the use of water per capita. 

Effect of High Percentage of Metered Services in Other Cities. 

An inquiry has also been made as to the effect of the use of 

meters in cities of less than 400,000 inhabitants in which 90 per 

cent or more of the services were metered in 1920. The total 

number of such cities having a population in excess of 25,000, 

including 9 in Massachusetts, from which returns have been 

received, is 19, and in addition there are 3 cities with from 75 

to 85 per cent of the services metered in 1919 or 1920. The 

variations in the use of wrater per capita in these cities and in 
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the percentage of services metered in the last thirty years, or 

so far as records are available within that period, are shown in 

the following diagrams. 

A diagram has also been included showing the consumption 

per capita and the per cent of metered services in a residential 

district, comprising Brookline, Newton, Needham, and Welles¬ 

ley, containing 97,038 inhabitants in 1920, adjacent to the 

Metropolitan Water District. 

The experience of the different cities following the general 

metering of all services, as shown in the foregoing diagrams, 

shows that in a great majority of cases the general introduction 

of meters in a city where few meters had previously been in 

use has been followed by a large reduction in the use of water 

per capita. The experience in the Metropolitan Water District 

in this respect is duplicated in nearly all of the cities for which 

records have been obtained. But the diagrams also indicate 

clearly that in the great majority of the cities from which 

returns have been secured, after two-thirds or more of the 

services had been metered the consumption of water per capita 

began again to increase, and has continued to increase up to the 

present time, even after most or all of the services have been 

metered. 

General Increase in Daily per Capita Consumption after Two- 

thirds to Three-fourths of Services had been Metered. 

The following table shows the changes in the use of water 

per capita, after about 75 per cent of the services had been 

metered, in all of the cities in which the percentage of services 

metered was substantially greater than 75 per cent in 1920, 

and in which there has been a sufficient number of vears of 

high percentage of metering to allow comparisons to be made. 

In this table an average of the three years when about 74 

per cent of the services had been metered is compared with an 

average of the last three years available, usually the years 

1918, 1919 and 1920. 



1910 
12 

14 
16 

!8
 

1920 





1900 
02 

04 
OG 

08 
19/0 

12 
14 

!6 
!8 

1920 















jwJW*-r*vV Si! < A 

■ 



3
6
 

/B
O

O
 

O
Z 

0
4
 

0
6
 

0
0
 

)9
!0
 

JZ
 

J4
 

/6
 

/8
 

/9
2
0

 





m
ao 

32 
3
4
 

36 
3

8
 

W
O

O
 

02 
04 

O
S 

68 
1310 

N
E

W
T

O
N
 ~

 B
R

O
O

K
L

IN
E

 
N

E
E

D
H

A
M

 - W
E

L
L

E
S

L
E

Y
 

C
O

M
B

IN
E

D
 

P
O

P
U

L
A

T
IO

N
 

1
9

2
0

=
9

7
,0

3
8

 





1922.] HOUSE — No. 1550. 65 

City. 

• 

Years since 
about 75 Per Cent 

of the Services 
became Metered. 

Increase or 
Decrease in Con¬ 

sumption of 
Water per Capita 
in Those Years 

(Gallons per 
Year). 

Cleveland. 13 1.59 

Milwaukee. 17 2.70 

Minneapolis. 11 2.61 

Rochester. 11 1.48 

Providence. 24 1.33 

Toledo. 11 2.52 

St. Paul. 6 2.61 

Hartford. 18 — .50 

Yonkers. 29 1.15 

Pawtucket. 22 .79 

Manchester. 11 .73 

Atlantic City. 20 3.73 

Madison. 23 2.12 

Burlington. 17 1.10 

Woonsocket. 28 1.42 

Worcester. 23 1.26 

Fall River. 29 .80 

Lawrence. 20 — .32 

Lowell. 12 .86 

New Bedford. 7 .57 

Brockton. 23 .57 

Fitchburg. 5 2.07 

Average. - 1.42i 

1 This average would be 1.31 if average of returns for 1917, 1918 and 1919 were used. 

Yonkers, N. Y., records used begin 1890 with 82 per cent metered services. 

Woonsocket, R. I., records used begin 1890 with 83 per cent metered services. 

Fitchburg, Mass., records used begin 1914 with 87 per cent metered services. 

Worcester, Mass., records used begin 1896 with 93 per cent metered services. 

The above table includes Toledo, where metering had been 

carried to only 85 per cent of all services in 1920. In Hartford 

the full effect of metering does not appear to have been secured 

when the number of meters was suddenly increased from 6 to 

71 per cent in three years. Shortly afterwards the use of water 

decreased, and in the past thirteen years there has been an 

increase of 0.38 of a gallon per capita per year. The record of 

water consumption in Harrisburg is very erratic, there having 

been a very great increase in the use of ^vater while the per- 
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centage of meters was rising from some 40 to 80 between the 
years 1896 and about 1910. Since the latter year the percent¬ 
age of meters has varied but little, while the consumption per 
capita has varied quite widely. The percentage of metered 
services had only reached 86 per cent of the total in 1919. 
In the last seven years there has been a slight increase in the 
consumption of water per capita. 

Among Massachusetts cities, the consumption of water in 
the city of Lawrence, after more than 75 per cent of the 
services were metered in 1900, has decreased in twenty years 

• 

0.2 of a gallon per person per year, but since becoming more 
than 90 per cent metered in 1910 the consumption has increased 
at the rate of 0.4 of a gallon per year. In Fall River, after 
the percentage of metered services reached about 75, the 
increase in the consumption per capita in thirty years was 0.8 
of a gallon per person per year. After meters had been applied 
to more than 90 per cent of the services the increase in twenty- 
three years was 0.61 of a gallon per year. 

Of all this group of cities the important ones which show 
a decrease in the consumption per capita are Newark, Law¬ 
rence and Hartford. The records in Newark are rather short 
for reliable conclusions, and if these records be omitted the onlv 
exceptions to the rule are Hartford and Lawrence, and even 
in these cases, apparently after the full effect of metering had 
been experienced, the consumption per capita again increased. 
In the quite fully metered communities in the Metropolitan 
District outside of Boston there has been an increase in the 
consumption of water per capita in the last six years, though 
as in the other cases this period is too short to furnish a definite 
basis for estimating the probable amount of increase in the 
future. In the suburban municipalities of Brookline and 
Newton, Needham and Wellesley the increase since 70 per 
cent of the services became metered in the year 1896 has 
amounted to about 0.8 of a gallon per person per year. 

The information afforded by a study of the consumption 
of water in these cities shows that when 75 per cent or more 
of the services have been metered, as is the case at the present 
time in the Metropolitan Water District, practically the full 
effect of the use of meters has been obtained, and, as a general 
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rule, no further material reduction in the use of water per 

capita is afterwards secured by the metering of all services. 

The chief reason for the complete use of meters, aside from the 

saving in water consumption, is that it is the only equitable 

way in which to assess the charges for water. This being the 

case, the application of meters to the remaining service pipes 

will no doubt be continued in the Metropolitan Water District 

until the meter system is practically complete. 

But while as a general rule no further material reduction 

in the use of water per capita is effected by the complete 

metering of all the services after about two-thirds to three- 

fourths have been metered, it is, nevertheless, true, as shown 

by a study of the variations in the consumption of water per 

capita in cities for which records are available, that in some 

cases a temporary reduction has been effected which has re¬ 

tarded for a few years the increase in consumption per capita. 

In some of these cities where the meter system was adopted 

many years ago information is lacking as to the effect of 

metering the remaining services after a total of 75 per cent or 

thereabouts had been reached, and in others the complete 

metering of the services was carried out too recently to furnish 

definite information in respect to this question, while in still 

others the application of additional meters after a total of 

two-thirds to three-fourths of the services had been metered 

was accompanied by a steady increase in the consumption of 

water per capita. However, in about one-third of the total 

number, or in 11 of the cities for which records are available, 

the application of meters to the remaining services after about 

two-thirds to three-fourths had been metered caused for a time 

a reduction in the consumption of water per capita. In these 

cities the amount of the reduction ranged from 1 to 18 gallons 

per capita, and averaged 9 gallons in periods ranging from one 

to fourteen years and averaging 4.5 years. After this period 

the consumption of water per capita again began to increase 

and returned to the earlier figure in from two to twelve years, 

except in the case of one small manufacturing city where the 

period amounted to twenty-one years. The length of this 

period of return averaged 8.6 years, or, if the city referred to 

were excluded, 7.4 years. 
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The reduction in the consumption per capita as shown in 

these cases usually followed a much greater previous reduction 

due to the application of meters up to two-thirds to three- 

fourths of the total number of services, and was a continuation 

of that reduction. There is no case in which the consumption 

of water has been subsequently reduced after it had begun to 

increase when two-thirds to three-fourths of all the services 

had been metered, as in the case of the Metropolitan Water 

District. 

It would not be difficult to explain the causes of an increase 

in the per capita consumption of water in cases where a special 

kind of manufacturing using large quantities of water has 

become established in a given city or dictrict, as, for example, 

the leather industry in the city of Peabody, where the consump¬ 

tion of water per capita has constantly risen, in spite of the 

general introduction of meters, to over 200 gallons per capita, 

due to the use of water in its manufacturing industries. But 

when it is found that, with hardly an exception to the rule, 

there has been a decided increase in the per capita use of 

water, after practically complete metering in great cities like 

Cleveland, Milwaukee, Minneapolis, St. Paul and Providence, 

and in other cities in all parts of the United States where 

climatic conditions are similar, including the Metropolitan 

Water District, it is essential that the causes shall be carefully 

considered and this tendency taken into account in estimating 

future water supply requirements. 

Increase in Consumption per Capita in English Cities. 

Inquiry has also been made of the experience in English 

cities as to the changes taking place in the consumption of 

water per capita, and the allowances which are being made 

therefor, the results of which are shown in the following table: — 
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City. 

Average In¬ 
crease in Con¬ 
sumption per 

Capita (United 
States Gallons 

per Year). 

—-i1.—--:,-1 i 

Years included. 

Bradford. .8 1909-18 

Glasgow. .4 1909-20 

Leicester. .6 1908-20 

Manchester. .5 1907-20 

Nottingham. .4 1907-20 

London . .8 1907-20 

Liverpool. .6 1905-19 

1 

The results of this inquiry considered in connection with 

experience in American cities indicate unmistakably that there 

is likely to be an increase in the consumption of water per 

capita in the future which must be allowed for in estimating 

water supply requirements. 

Causes of Increase in Water Consumption. 

The causes of this general increase in the per capita consump¬ 

tion of water are no doubt due in part to gradually improv¬ 

ing standards of living, and to the growth in business and 

industry. A public water supply system supplies water for 

many purposes besides strictly domestic consumption. Large 

quantities are used in manufacturing processes, for mechanical 

purposes, and in building operations, as well as for fountains, 

for the flushing of water mains and sewers, for the extinguish¬ 

ment of fires, and for many other purposes. 

It has been impracticable to determine the relative quantity 

of water used for various purposes in the Metropolitan Water 

District, but the relative amounts drawn for various purposes 

in an industrial city are indicated by the following record of 

consumption of water in the city of New Bedford in 1920:1 — 

1 Kindly furnished by Mr. S. H. Taylor, acting superintendent of water works. 
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Consumption 
per Capita 
(Gallons). 

Per Cent of 
Total. 

Domestic consumption. 28 36 

Manufacturing and mechanical uses. 41 52 

Testing, flushing, fountains and all other purposes, includ¬ 
ing fires. 

9 12 

Totals. 

r- - ■ —. 

78 100 

If the Metropolitan Water District continues to grow, its 

business and manufacturing will also continue to grow, and the 

demand for water for business and industrial uses is sure to 

be an increasing one. This will no doubt mean an increase in 

the use of water per capita since, in the Metropolitan Water 

District, water for business and manufacturing uses must come 

very largely from the public water supply system. In some 

cases, — for example, in the cities of Fall River, Lowell and 

Lawrence, — a large supply of water is available for manufactur¬ 

ing purposes of various kinds in the rivers which flow through 

these cities, and thus these cities avoid the necessity of supply¬ 

ing large quantities of water for such purposes from the public 

works. In the city of New Bedford, on the other hand, where 

no such large auxiliary supply of fresh water is available, the 

consumption of water per capita is much greater than in the 

cities previously mentioned. 

But in addition to probable industrial requirements there is a 

great demand for more and better housing, and, in general, 

for higher standards of living. The number of water fixtures 

in use in dwelling houses has increased steadily for many years 

and there is no indication that the end has been reached. In 

residential sections of the Metropolitan District the consump¬ 

tion of water is generally conparatively low, and even in dis¬ 

tricts comprising chiefly houses of the best class the quantity of 

water drawn from the public works is probably less than double 

the quantity used for domestic purposes in the city of New Bed¬ 

ford. On the other hand, in the manufacturing and business 

sections of the Metropolitan District, and especially in the city 

of Boston itself, the consumption of water per capita is con¬ 

siderably higher than in the district as a whole. The old city 
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of Boston proper, excluding all annexations, according to the 

census of 1920, contained a population of 181,193, or less than 

25 per cent of the total population of the city in that year, 

and only a little over 14 per cent of that of the Metropolitan 

Water District; yet this area contains the principal business 

center of the entire district, and is peopled during the daytime 

by many thousands who live in other parts of the district or 

outside its borders. No doubt a very large quantity of water 

is used in this comparatively small area by those who live 

in other places, thus greatly increasing the consumption of 

wTater per capita charged to the city of Boston, and possibly 

reducing somewhat the amount used in suburban districts. 

This increase will continue as the business district grows. 

Auxiliary Supply for Manufacturing. 

The question of the possibility of reducing the consumption 

of water in the Metropolitan Water District by the use of 

auxiliary sources of supply which might furnish large quantities 

of water for manufacturing and similar uses, but which would 

not be suitable for domestic purposes, has been raised from 

time to time in connection with previous investigations. The 

only large sources of supply of fresh water available are the 

rivers which flow through the district, -— the Charles, the 

Mystic and the Neponset, •— which carry considerable volumes 

of fresh water, especially in the winter and spring; but a large 

part of the flow of the Charles River is withdrawn during the 

greater part of the year, before it reaches the Metropolitan 

Water District, by the water supplies already established in its 

watershed, and the water of the Charles River Basin is conse¬ 

quently largely salt during much of the year. The water of the 

Neponset River is used for industrial purposes, and during the 

drier part of the year is generally too badly polluted for use for 

such purposes within the limits of the Metropolitan Water 

District. The same has gradually become the case with the 

fresh-water portion of the Mystic River, which drains a large 

and growing industrial district in Winchester, Woburn and 

Stoneham. The only other sources of auxiliary water supply 

are wells of which there are numbers throughout the district. 
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Some of these, in localities where the conditions are favorable, 

furnish a considerable quantity of water, but aside from certain 

localities in the district in which the possibility of ground water 

supplies is already largely developed, the areas in which con¬ 

siderable quantities of well water can be obtained are limited, 

and the agregate amount of water obtained in this way is in¬ 

significant as compared with the quantity used from the public 

works. There is consequently little to expect in the way of 

increased water supply from the further development of local 

sources for industrial uses, and it is likely that the draft of 

water for such uses from the metropolitan system will become 

greater as time goes on. 

Further Prevention of Losses by Leakage. 

The question of the possibility of reducing the consumption 

of water per capita by the employment of further measures 

for the prevention of waste in addition to the use of meters 

is one which is receiving much attention by the Boston water 

department, the investigation being directed especially to the 

determination of the probability of loss of considerable quanti¬ 

ties of water from leaky pipes. The result of these investiga¬ 

tions show, as was expected, that a considerable loss of water 

occurs at times from broken or defective pipes, the water lost 

finding its way into an adjacent sewer or near-by stream or part 

of the harbor instead of into cellars where its presence would be 

noted and the defect quickly remedied. These studies, so far 

as they have been carried, indicate that the preventable loss of 

water in this way is probably not great, and it is likely to 

persist and to be more or less constant even with the most 

efficient inspection practicable, especially in some of the older 

parts of the city where the water pipes have been laid for many 

years in streets in which numerous other pipes and structures 

have been placed, increasing the danger of breaks and leaks. 

It is probable that a saving of water can be made in this way, 

but there is no indication from the studies thus far made that 

enough water can be saved to effect a mat^ial reduction in 

the consumption of water in the Metropolitan Water District. 

Nevertheless, the work is of the highest importance in prevent¬ 

ing a greater increase in the consumption of water, and, of 
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course, also in preventing danger of loss and damage in other 

ways. 

There is apparently a material loss of water in distributing 

systems, since it is generally the case that in a municipality 

where all of the services are metered the total quantity of water 

measured by the meters rarely exceeds about 75 per cent of the 

quantity delivered into the mains, while in many cases the 

proportion accounted for is considerably less. A large propor¬ 

tion of the difference between the aggregate readings of the 

meters and the amount of water delivered into the mains in 

water supply systems generally is probably due to failure on 

the part of the meters to register the full amount used. Some 

of the loss indicated by this difference is no doubt due to 

leakage from mains and service pipes, but most of the loss 

occurring in this way is probably due to numerous compara¬ 

tively small leaks which are distributed over so great a length 

of pipe line that the cost of eliminating them would be ob¬ 

viously prohibitive. While in earlier years, when water mains 

were sometimes constructed of inferior material or without suffi¬ 

cient care, the losses were in some cases large, it is probable 

that such installations have been largely eliminated, and it is 

doubtful whether there is material preventable loss by leakage 

from water mains in the Metropolitan Water District at the 

present time. 

Considering all of the information available, there is no likeli¬ 

hood that any important further saving can be effected in the 

use of water in the Metropolitan Water District by the preven¬ 

tion, so far as practicable, of leakage from water pipes, such as 

would reduce materially the consumption of water per capita 

or make possible the postponement of the construction of works 

for an additional supply. 

Consumption of Water per Capita in Great Cities of 

the United States. 

It is of interest, in considering the probable future consump¬ 

tion of water in the Metropolitan Water District, to determine 

whether the consumption per capita is excessive as compared 

with that of other great cities at the present time, and for this 

purpose the following table is presented showing a comparison 
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of the consumption of water per capita in the Metropolitan 

Water District with that in the other great northern cities 

of the United States east of the Rocky Mountains, where 

climatic conditions are similar to those at Boston, in which the 

population is in excess of 400,000. * 

Comparison of Consumption of Water per Capita in the Metropolitan 

Water District with Consumption in Northern Cities of the United 

States where Population is in Excess of 4-00,000. 

* 

Population, 
Census of 

1920. 

Per Capita 
Consumption 

(Gallons), 
1920. 

Per Cent 
Metered 
Services. 

New York. 5,620,048 131 - 

Chicago. 2,701,705 253 - 

Philadelphia. 1,823,779 170 23 

Boston Metropolitan District1 1,252,903 104.5 75.6 

Detroit. 993,678 144 97 

Cleveland. 796,841 152 100 

St. Louis, Mo. 772,897 135 8 

Baltimore. 733,826 154 3 

Pittsburgh. 588,343 236 38 

Buffalo. 506,775 274 8 

Milwaukee. 457,147 134 99 

Washington. 437,571 144 85 

Newark. 414,524 108 92 

Cincinnati. 401,247 123 99 

I- 

1 Including Newton. 

It will be seen from this table that the consumption of water 

per capita in the Boston Metropolitan Water District is less 

at the present time, and, in all cases except in Newark, de¬ 

cidedly less than in any great city in the United States where 

climatic conditions are similar and in which the population 

exceeds 400,000. Conditions of living and of industry are 

probably much the same, in all of the eastern cities at least, 

and the facts presented in the table furnish no basis for expect¬ 

ing that the use of water in the Metropolitan Water District 

can be reduced materially below the amount used at the present 

time. 
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Year to Year Variations in Water Consumption. 

While in estimating the consumption of water per capita in 

the future it has been necessary to assume that the increase 

will be practically a constant amount, somewhat more rapid, 

perhaps, in the earlier years and lessening as time goes on, 

there will continue, undoubtedly, to be wide variations in 

the consumption of water per capita from time to time as has 

been the case in the past. These variations are due to a 

variety of causes, among the more important of which are the 

activity of business and industry, meteorological conditions, 

the efficiency of methods of preventing unnecessary use and 

waste, and changes in other respects. 

Business and industrial conditions have a material effect on 

the consumption of water because of its extensive use for 

mechanical, manufacturing and general industrial purposes. 

The great business depression of 1921, coupled with an exceed¬ 

ingly warm winter and a wet summer, will no doubt cause a 

marked decrease in the consumption of water per capita in that 

year, but with the inevitable revival in business and industry, 

and especially when activity in building construction is again 

established, a marked increase will no doubt again take place 

in the use of water per capita, as has been the case in similar 

circumstances in former years. 

Meteorological conditions — heat, drought, excessive cold 

or unusual rainfall — produce marked variations in the con¬ 

sumption of water from year to year. In very dry periods 

much more water is used than in years of average rainfall, 

and in periods of great heat, also, the draft upon the water 

supply is much larger than usual. Excessive rainfall, on the 

other hand, reduces the draft of water from the public works. 

More marked, even, than great heat or drought is the effect 

of cold winters in increasing the use of water, and of unusually 

mild winters in decreasing it. An illustration of the difference 

in the use of water in a very cold winter as compared with a 

mild one is afforded by a comparison of the record of water 

consumption in the winter months of the year 1917-18 with 

that of the year 1918-19. This comparison is shown in the 

following table: — 
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Month. 

December 

January 

February 

March . 

r . 

1917-18. 1918 -19. 

Mean Tem¬ 
perature, 
Boston 
(Degrees 

Fahrenheit). 

Average Daily 
Water Con¬ 

sumption, Met¬ 
ropolitan Water 
District (Mil¬ 

lion Gallons).1 

Mean Tem¬ 
perature, 
Boston 
(Degrees 

Fahrenheit). 

Average Daily 
Water Con¬ 

sumption, Met¬ 
ropolitan Water 
District (Mil¬ 

lion Gallons).1 

23.7 118.320 34.7 121.619 

21.0 144.527 33.2 126.860 

26.9 159.833 32.6 121.019 

36.7 137.042 40.8 114.622 

1 Excluding Newton. 

Another cause of variation in the consumption of water 

from the public works in the past has been that caused by the 

varying efficiency of methods adopted for the prevention of 

waste. In earlier years inspection was relied upon to prevent 

loss of water in this way, but not until the application of meters 

to water services generally furnished an effective means of 

preventing unnecessary waste by charging for it at the usual 

rates was an adequate method of waste prevention put in 

force. That this method has been most effective in preventing 

excessive use and waste of water is well shown by the decrease 

in the consumption of water in nearly all cities, including the 

Metropolitan Water District, following the beginning of the 

general introduction of meters, •— a decrease that was doubtless 

due in part to the fear of larger water bills under the meter 

system; but since experience did not show that the use of 

meters caused a materially higher charge to the householder 

than the former system, provided the plumbing were kept in 

reasonably satisfactory condition, and since in a great many 

cases the charge was less than before the meter was applied, 

less care is exercised in the amount of water used than was 

formerly the case. 

The conclusion to be drawn from the experience of the 

cities in which service pipes are largely or wholly metered is 

unmistakable so far as it goes, and the experience in a number 

of cases covers a considerable period of years. This experience 

shows clearly that notwithstanding the general use of meters 

an increase in the use of water per capita is taking place at the 

present time in all cities practically without exception. The 
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continued use of meters can probably be depended upon to 

prevent such great increases as were experienced before their 

use began and to keep the increase within reasonable limits. 

This increase will vary from causes such as those already 

indicated, but that it can be prevented in the future by any 

means which are now available seems improbable. 

The important fact is that the cost of water to the average 

householder is so small as to be almost trivial to many if not 

most water consumers. The unpolluted supplies of palatable 

water, soft and free from excessive color or objectionable taste 

and odor, distributed so cheaply in nearly all cities and villages, 

have had more to do in improving the health and comfort of 

the inhabitants of modern communities than any other service 

maintained by the public. When this service is supplied at a 

cost which is insignificant as compared with its value, it is not 

to be expected that there will be a material reduction in the 

consumption of water per capita in the future, unless a material 

change takes place in social and industrial conditions, or unless 

the cost of water becomes materially greater than is the case 

to-day. 

Summary of Reasons for Probable Increase in the 

Consumption of Water per Capita. 

Before stating the actual estimates of consumption of water 

per capita, and the probable requirements which should be 

allowed for in the ensuing years, a brief review of the essential 

facts which have been stated in detail in the foregoing pages 

may help to bring out the governing principles which lead to 

an opinion as to probable future requirements. 

In the first place, and this is most important, it is evident 

that in the past the succeeding years have brought with them 

a variety of conditions, many of them unforeseen, which have 

influenced greatly the quantity of water used. Furthermore, 

in spite of the introduction of meters, and in the face of the 

laudable desire, and even the prophecies, of those operating 

the works, the fact is that there has been, on the whole, a 

steady increase in the per capita consumption of water ever 

since a water supply was first introduced in the principal city 

of the district many years ago. 
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The reasons for this increase are — 

1. The introduction of ample supplies of pure water, soft 

and of excellent appearance, and capable of advantageous use 

for a large number of purposes. 

2. A gradually improving standard of living, accelerated no 

doubt by the experiences of the war which have led to a demand 

for better housing, more plumbing fixtures, and other aids to 

comfort and health obtainable through a freer use of water 

from the public works. New uses are constantly found; for 

instance, the extension of the use of the swimming tank alone 

may mean a material increase in the use of water as it will in 

the comfort and pleasure of those to whom such facilities are 

available. 

3. The increasing use of water for manufacturing and me¬ 

chanical purposes, especially in the Metropolitan District, where 

there are no large quantities of fresh water suitable for such uses. 

4. A large use of water by the daytime population in the 

city of Boston which consists to a material extent of those 

living outside the Metropolitan Water District. 

5. Unpreventable waste from numerous small leaks which 

could be repaired only at excessive cost, and which, with aging 

pipes and structures, will doubtless continue notwithstanding 

the fact that a large amount of waste has been and must con¬ 

tinue to be eliminated to the full practicable extent. 

6. It is evident that metering is the only equitable way of 

selling: water, and that the continued use of meters is absolutely 

necessary in order to prevent an inordinate increase in the 

consumption of water per capita. Wholly metering the services 

after 75 per cent have been metered, however, has had no 

material effect in reducing the consumption of water, while, on 

the contrary, the common and well-nigh universal experience 

has been that the per capita consumption continues to increase, 

notwithstanding the increase in the number of meters. 

7. The consumption of water per capita in the Metropolitan 

District is not excessive when compared with cities of similar 

size in this country. On the contrary, it is now less, even 

decidedly less, than in any city of similar population and cli¬ 

matic conditions in the United States, and the per capita 

consumption in equally metered cities is steadily growing. 
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8. Even in English cities, where the standards are different 

and the people accustomed to a lower per capita consumption, 

the per capita use of water is increasing from year to year. 

9. New industries must be served with water and new hous¬ 

ing provided for, and while depressions will occur when less 

water will be used, every succeeding peak of industrial activity 

has shown a higher consumption of water per capita than in 

the past. 

10. Heat, drought and excessive cold all produce marked 

variations in the consumption of water, and it has been found 

necessary, according to the records of the operation of water 

works, to make large and unexpected allowances for variations 

from such causes. Extremes of temperature and rainfall such 

as have occurred in the past will occur again, and are likely 

to occur in even greater severity. 

11. The cost of water is and will continue to be exceedingly 

small for a long time to come. In fact, the present price for the 

average family seldom exceeds the cost of a morning and eve¬ 

ning newspaper. The householder naturally is taking advantage 

of the low price of this commodity to enhance his enjoyment 

of life and to improve his health and comfort by using it more 

and more freely from year to year. When the amount of water 

he uses is measured, and he pays for just what he uses, the 

householder soon learns that its cost is insignificant when 

compared with its value. At the same time, he is paying the 

entire cost and practically none of it comes out of general taxa¬ 

tion; in fact, in several municipalities in the Metropolitan 

Water District a large contribution is made from the water 

revenue to general municipal expenses, to the benefit of the 

general tax levy. 

12. An abundance of water during periods of excessive cold, 

as in the winter of 1917-18, means the saving of valuable 

plumbing fixtures, piping systems and the furnishings of dwell¬ 

ings, but, more than all, may mean the protection of health and 

life, for there is no public service the failure of which is capable 

of equally serious consequences. In periods of great heat, also, 

an ample water supply assures the protection of vegetation, 

and, above all, adds greatly to the comfort of all, especially of 

the inhabitants of densely populated areas. 
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In the face of the evidence that the use of water has been 

ever a constantly increasing one, and that indications point to a 

growing use in the future, it would be unreasonable to ignore 

the facts as to this increasing use, and while every legitimate 

effort must be made to keep the water consumption within 

reasonable limits, it does not follow that the health of the peo¬ 

ple should be placed in jeopardy, or even that the public 

should be put to serious inconvenience, because of an assump¬ 

tion that means Oan and will be found and applied in the imme¬ 

diate future to restrict the growing use of this important 

commodity. 

Estimated Increase in Water Supply Requirements of 

Metropolitan Water District. 

In the cities included in the table on page 65 the increase 

in the consumption of water per capita has ranged, as a general 

rule, from 0.75 to 2.50 gallons per person per year, and has 

averaged in these cities about 1.42 gallons per year, or 1.31 if 

the year 1920 be omitted. If comparison is made of the con¬ 

sumption of water in the cities of Boston, Somerville, Chel¬ 

sea and Everett in the early 80’s, when effective measures 

were being enforced to prevent unnecessary use and waste of 

water, with the consumption of water in the same municipali¬ 

ties in 1920, it appears that, notwithstanding the general intro¬ 

duction of meters and the efforts to prevent waste by other 

methods in the later years of that period, there has been an 

increase in the consumption of water per capita of about 1.3 

gallons per person per year. It is probable that, if meters had 

been in use generally in the early 80’s, the consumption of 

water would have been less at that time and the increase in 

the last forty years somewhat greater than 1.3 gallons per 

year. It seems reasonable to assume that the future increase 

will not exceed 1.3 gallons per year. 

In estimating the future consumption of water per capita 

in the Metropolitan Water District it is assumed that the 

amount of water used will be reduced in the next few years 

following the year 1920 by the application of meters to un¬ 

metered services, and that in consequence of this reduction the 

consumption per capita will not again rise above 105.5 gallons 
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until after 1925. Beyond that year it is estimated that the rate 

of increase will average about 1 gallon per capita per year, 

being slightly greater in the earlier years, but growing less as 

time goes on. Other than the complete metering of all services, 

including the effective maintenance of the meter system and the 

prevention of losses of water by leakage, so far as it is practi¬ 

cable to prevent them, there appear to be no further means 

available for reducing materially the consumption of water per 

capita at the present time unless by some form of rationing 

water which under present conditions would doubtless be 

deemed impracticable and objectionable. 

On the basis of the estimate of the probable consumption of 

water per capita in the future herein presented, and using the 

estimates of population already given, the following table and 

diagram have been prepared showing the quantity of water 

which may be required for the supply of the Metropolitan 

AVater District within the next fifty years: — 
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PART II. ADEQUACY OF PRESENT SOURCES OF SUPPLY 
OF METROPOLITAN WATER DISTRICT. 

Present Sources of Water Supply of the Metropolitan 

Water District. 

The sources of water supply available for the use of the 

Metropolitan Water District at the present time are (1) the 

Nashua River above Clinton, (2) the Sudbury River above 

Framingham, and (3) Lake Cochituate in Natick and Wayland. 

Since the metropolitan water works were established, and water 

was introduced from the Nashua River on January 1, 1898, 

the water supply of the district has been obtained almost 

wholly from three principal reservoirs, — the Wachusett Reser¬ 

voir on the south branch of the Nashua River above Clinton; 

the Sudbury Reservoir, located on Stony Brook, a northerly 

tributary of the Sudbury River in Southborough; and Fram¬ 

ingham Reservoir No. 3, also located on Stony Brook but a 

short distance below the Sudbury Reservoir in the town of 

Framingham. The area and capacity of each of these reser¬ 

voirs as given in the reports of the Metropolitan District 

Commission, and the areas of their tributary watersheds, are 

shown in the following table: — 

Reservoir. 

Elevation1 
of 

High Water 
(Feet). 

Area of 
Reservoir 
(Square 
Miles). 

Total Storage 
Capacity 
(Million 

Gallons). 

Area of 
Watershed, 
including 
Reservoir 
(Square 
Miles). 

Wachusett. 395.002 6.46 64,968.0 108.843 

Sudbury . 260.00 2.21 7,253.5 22.28 

Framingham No. 3 186.74 .39 1,199.7 5.40 

Totals •••••• - 9.06 73,421.2 136.52 

1 Elevation above Boston city base. 

2 It is possible, by use of flashboards, to raise the water to elevation 397. At that elevation the 

capacity of the reservoir would be 67,686.1 million gallons. 

3 Exclusive of areas diverted by the city of Worcester amounting to 9.35 square miles. 

While these sources have furnished practically the entire 

water supply of the district since the completion of the metro¬ 

politan water works, their safe yield is but little in excess of the 

quantity of water consumed by the district in 1920 without 
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making allowances for other drafts of water from the Waehu- 

sett system. It is obvious that at the rate of increase in the 

use of water which has prevailed in the district for a number 

of years the quantity required for water supply purposes under 

normal conditions will exceed the safe capacity of these sources 

of supply within the next few years. It will, therefore, soon 

be necessary again to draw water continuously from some of 

the remaining sources under the control of the district. These 

sources are the reservoirs on the southerly branch of the Sud¬ 

bury River in Framingham, Ashland and Hopkinton, together 

with Lake Cochituate, the original source of water supply of 

the city of Boston. The area and capacity of each of the 

storage reservoirs in these watersheds, including Lake Cochit¬ 

uate, are given in the following table, together with the area 

of watershed tributary to each: — 

Reservoir. 
Elevation1 

(Feet). 

Area of 
Reservoir 
(Square 
Miles). 

Total Storage 
Capacity 
(Million 

Gallons). 

Area of 
Watershed, 
including 
Reservoir 
(Square 
Miles). 

Ashland. 225.21 .27 1,416.4 6.43 

Whitehall. 337.91 .94 1,256.9 4.35 

Hopkinton. 305.00 .30 1,520.9 5.86 

Framingham No. 2 ... . 177.87 .21 529.9 28.50 

Framingham No. 1 169.32 .23 289.9 1.84 

Cochituate ...... 144.36 1.14 2,097.1 17.58 

Farm Pond. 159.25 .26 167.5 .54 

Totals. - 3.35 7,278.6 65.10 

Wachusett system .... 
* 

- 9.06 73,401.5 136.52 

Total of all sources under the 
control of the Metropolitan 
Water District. 

12.41 80,680.1 201.62 

1 Elevation above Boston city base. 

Estimate of Safe Yield of Present Sources. 

In computing the safe yield of all of the available sources 

of water supply of the Metropolitan Water District it is 

necessary to take into account the fact that none of these 

supplies is filtered, and that in the case of the reservoirs of the 

Wachusett system a thorough preparation of the reservoirs for 
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storage purposes, and especially a long period of storage, are 

relied upon for the purification of the water before it is de¬ 

livered to the district. It is therefore essential to retain enough 

water in these reservoirs at all times to secure adequate purifi¬ 

cation by storage. 

On the portion of the Sudbury River watershed not included 

in the Wachusett system two of the reservoirs were thoroughly 

prepared for the storage of water at the time they were con¬ 

structed, but the main reservoirs on this river are located on 

tributary streams in the upper parts of the watershed, and as 

there are large areas of swamp along the main stream below 

them but above the small lower reservoir known as Framing¬ 

ham Reservoir No. 2, the water of the latter reservoir is usually 

highly colored. 

Lake Cochituate furnishes water of very poor quality which, 

though not very highly colored, contains much organic matter 

and is usuallv affected by an obiectionable taste and odor. 

Both the southern Sudbury and Cochituate watersheds, espe¬ 

cially the latter, contain large populations per square mile, 

and neither of these sources should be used regularly for the 

water supply of the district unless properly filtered. It is 

accordingly assumed in estimating the safe capacity of the 

metropolitan sources that enough water will be retained in the 

reservoirs of the Wachusett system to secure sufficient purifica¬ 

tion by storage to render the water safe and acceptable for use, 

and that the water of the southern Sudburv and Cochituate 
«/ 

sources will be purified by filtration as soon as it becomes 

necessary to use them again for the supply of the district. 

For these reasons, in estimating the combined yield of the 

various watersheds, allowance has been made for retaining in the 

Wachusett Reservoir 14,800,000,000 gallons; in the Sudbury, 

7,000,000,000 gallons; and in Framingham Reservoir No. 3, 

800,000,000 gallons. In all the other reservoirs and in Lake 

Cochituate combined allowance has been made for retaining 

only 1,417,000,000 gallons, a large amount of which would 

remain in Lake Cochituate and should be retained there to 

prevent objectionable odors from the exposed bottom of the 

lake. These allowances are much lower than desirable, espe- 

ciallv in the case of the Wachusett Reservoir, since if the water 
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were reduced to so low a level a water of poorer quality would 

be delivered to the district, containing a considerably greater 

quantity of organic matter than is present in the water now 

used, and having a noticeable color. 

Deductions and Losses in Estimate of Safe Yield. 

The estimated gross yield of all of the present sources of 

supply of the Metropolitan District, as given in the report of 

the State Board of Health upon a metropolitan water supply 

in 1895, was 173,000,000 gallons per day. Since that time, 

however, water from a part of the Wachusett watershed has 

been diverted for the use of the city of Worcester and the 

area of the Wachusett watershed reduced from 118.19 to 108.84 

square miles. Not all of the flow from this part of the Wa¬ 

chusett watershed has thus far been diverted by the city of 

Worcester, but when the Pine Hill Reservoir now under con¬ 

struction by that city is completed it will be practicable to divert 

the entire flow of this area, and in computing the safe yield 

of the metropolitan watersheds it is necessary to assume that 

the total flow of this area will be diverted from the Wachusett 

watershed in dry periods. It was estimated in the report of 

1895 that the diversion of the water from the area recommended 

for the city of Worcester would reduce the gross yield of the 

sources about 8,500,000 gallons per day. With these allowances 

for storage and for the diversion of water by the city of Worces¬ 

ter, the gross yield of all of the sources of water supply of the 

Metropolitan District during the most recent dry period, which 

began in the year 1908, was about 169,000,000 gallons per day. 

Not all of this water, however, is available for the use of the 

Metropolitan Water District. A part of it must by law be 

discharged below the lowest dams on the Nashua and Sudbury 

rivers, a part of it is lost by leakage, a part is used for the 

water supply of the cities and towns located within or adjacent 

to the metropolitan watersheds and which are authorized to 

take water therefrom, a further part of it is lost by leakage 

into sewerage systems in those watersheds, through which it is 

diverted to points outside their limits, and there are also un¬ 

avoidable losses in other ways chiefly from inability to foresee 
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conditions sufficiently well to store and draw the water always 

to the best advantage. 

Under the Sudbury River Act, so called (chapter 177 of 

the Acts of the year 1872), the city of Boston and its successor, 

the Metropolitan Water District, are required to allow 1,500,- 

000 gallons of water per day to flow down the river below the 

lowest dam at Framingham, thus reducing by that amount the 

quantity of water available from the Sudbury sources. 

The Metropolitan Water Act (chapter 488 of the Acts of 

1895) provides as follows:—• 

Section 4. Said board may take, by purchase or otherwise, the 

waters of the south branch of the Nashua river, at and above a point 

above the dam of the Lancaster Mills in the town of Clinton, but shall 

allow not less than twelve million gallons of water to flow from a reser¬ 

voir above said dam in each week, and such further quantity, not ex¬ 

ceeding twelve million gallons a week, as the owner of said mills shall 

from time to time certify to be necessary for use therein and in other 

buildings now or hereafter owned by him, for domestic and manufactur¬ 

ing purposes, other than the production of water power, and said board, 

in regulating the flow of said quantities, shall, as far as practicable con¬ 

form to any reasonable request in writing of the owner of said mills; . . . 

S' 

Under the provisions of the Metropolitan Water Act it is 

necessary to allow a maximum of 3,428,000 gallons per day to 

flow from the Wachusett Reservoir in case that amount should 

be required. The average amount called for has exceeded 

3,000,000 gallons per day on the average for several years 

together, and obviously allowance must be made for the full 

amount. Hence there is to be deducted from the vield of the 

water sources of the Metropolitan Water District an aggregate 

of 4,928,000 gallons per day for water which must be allowed to 

run past the dams on the Nashua and Sudbury rivers, excepting 

at times when unavoidable waste furnishes all or part of the 

necessary quantity, which would rarely occur in a dry period 

when the maximum vield of the watersheds was being used for 

the supply of the district. 

The further reductions resulting from reservations for the 

water supplies of cities and towns within or adjacent to the 

watersheds from which the metropolitan supply is drawn are 
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quite important in considering the net safe yield of the sources 

of supply. 

In the Cochituate Water Act (chapter 167 of the Acts of 

1846) the following reservation in section 14 is made for water 

supplies for towns in the neighborhood of the lake: — 

. . . provided, however, that this act shall not be so construed as to 

prevent the inhabitants of Natick, Framingham, Sherburne and Way- 

land from using so much of the water hereby granted as shall be neces¬ 

sary for extinguishing fires and for all ordinary household purposes. . . . 

Under this clause water is taken by the town of Natick from 

a well adjacent to Lake Cochituate, while the town of Wayland 

takes water from a reservoir on a stream tributary to the lake. 

Negotiations are under wav bv which the town of Wayland 

is likely to take its entire supply of water in future from the 

Weston Aqueduct of the Wachusett system. 

The Sudbury River Act (chapter 177 of the Acts of the 

year 1872) provides that nothing contained in this act shall be 

so construed as to — 

prevent the inhabitants of the towns of Framingham, Ashland, South- 

borough, Hudson and Westborough from taking from the Sudbury or 

Assabet rivers or Farm Pond so much of the water hereby granted as 

shall be necessary for extinguishing fires, and for all ordinary domestic 

and household purposes, and for the generation of steam, or from cutting 

and carrying away ice from said pond; or as to prevent the Boston and 

Albany Railroad Company, or the Mansfield and Framingham Rail¬ 

road Company, or the Boston, Clinton and Fitchburg Railroad Company 

from taking water from Farm Pond, for use in locomotive or other engines, 

or for other railroad purposes, under such regulations of the city council 

of the city of Boston as may be essential for the preservation of the purity 

of the same. 

The town of Framingham has for many years obtained its 

water supply in part from filter galleries near Farm Pond in 

the Cochituate watershed, into which water is diverted from 

metropolitan sources when necessary, and in part from the 

Sudbury Aqueduct. Negotiations are now pending for supply¬ 

ing Framingham wholly from the Wachusett system. The 

Boston N Albany and the New York, New Haven & Hartford 

railroads use water from the pond in some years to an amount 

considerably in excess of the safe yield of that source. 



1922.] HOUSE — No. 1550. 89 

The towns of Ashland, Hopkinton and Westborough take 

water from sources within the Sudbury River watershed. 
t/ 

In the Metropolitan Water Act (chapter 488 of the Acts 

of 1895) provision is made for the water supplies of several 

towns, as follows: — 

Section 22. The towns of Clinton, Sterling, Boylston, West Bojds- 
ton, Lancaster, Holden, Rutland, Princeton, Paxton and Leicester, and 
the city of Worcester, may take from the south branch of the Nashua 
river, above the dam of the proposed reservoir on said river, so much of 
the water thereof as they have already been or may hereafter be author¬ 
ized by the legislature to take, for supplying their inhabitants with water, 
and in case either of the towns of Lancaster, Holden, Rutland, Princeton, 
Paxton or Leicester, or the city of Worcester, shall so take water, it shall 
pay to the Commonwealth, to be paid into the sinking fund for said 
bonds, affair proportion of the cost incurred by the Commonwealth for 
said water and for the construction, maintenance and operation of said 
works, the same to be determined by the engineer of said board and an 
engineer to be appointed by the city or town, and if they cannot agree, 
the proportion shall be determined by a master to be appointed by the 
supreme judicial court on the petition of either party interested, and the 
report of such master made and accepted by said court shall be final and 
binding on all parties. 

Of the municipalities mentioned in this act the city of Worces¬ 

ter, as stated before, has already exercised the right under chap¬ 

ter 351 of the Acts of 1902 to take water for water supply 

purposes from an area within the Nashua watershed above the 

dam at Clinton, which embraces 9.35 square miles, and in the 

calculations relating to the yield of the Wachusett system 

allowance has already been made for the diversion of water 

from this area for the use of the city of Worcester. Two other 

towns, Holden and Rutland, have provided themselves with 

public water supplies by taking water from Muschopauge Lake, 

within the Wachusett Reservoir watershed, since the metro¬ 

politan water works were constructed. A considerable portion 

of the water used in one of these towns is diverted outside of 

the watershed of the Wachusett Reservoir. In addition to the 

water diverted for the supply of these municipalities a small 

amount is diverted for other purposes. 

Besides the deductions for water which must be allowed 

to run past the dams, and for water withdrawn for the supply 
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of municipalities within the limits of or adjacent to the metro¬ 

politan watersheds, there are other allowances which must be 

made in estimating the net yield available for the Metropolitan 

Water District. It has been assumed, in making these calcu¬ 

lations, that the storage in the reservoirs at the beginning of the 

dry period was increased from 80,680,100,000 gallons, as given 

in the reports of the Metropolitan District Commission, to 

85,210,000,000 gallons by the use of dashboards on the reser¬ 

voirs to the fullest possible extent; and furthermore, in drawing 

the water from the various reservoirs, it has been assumed 

that these reservoirs will be operated in such a way as to secure 

the largest possible yield. It has also been assumed that the 

filters which may be installed in the neighborhood of Framing¬ 

ham Reservoir No. 1 or Framingham Reservoir No. 2 for filter¬ 

ing the water of the southern Sudbury watershed will have a 

capacity of at least 40,000,000 gallons per day, and those at 

Lake Cochituate a capacity of 15,000,000 gallons per day. 

These capacities are greater than the safe yields of these 

sources, but by building filters of the larger capacity it will be 

practicable to utilize much of the water which would otherwise 

run to waste from these watersheds, thus making possible the 

storage of larger amounts of water in the Wachusett Reservoir 

at times of high flow in the spring and increasing the safe yield 

of the sources of supply. In the practical operation of the 

works, when it would be impossible to foretell the conditions 

of draft necessary to obtain the maximum yield, considerable 

water would no doubt be lost in various ways for which allow- 

ance must be made in determining the safe net yield of the 

sources.1 It is obvious that, as the use of water in the towns 

on the watershed increases, the diversion of water from the 

metropolitan watersheds will become greater, and as the sew¬ 

erage systems are extended the loss of water due to leakage 

will increase. It is also probable that, while the leakage from 

the metropolitan aqueducts, reservoirs, and pipe lines in the 

past has been small, as these structures increase in age the 

leakage is likely to grow larger. For these reasons the net 

available yield of the present metropolitan water sources in the 

luture will be a gradually decreasing one. The allowances 

made for various losses are shown in the following table: — 

1 An allowance of 2 per cent is made, but this loss may be greater. 
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Gallons per Day. 

Allowance for water discharged below the Wa- 

chusett dam. 3,428,000 

For leakage through the north dike . . . 917,0001 

For water used by Framingham water works . 1,078,0001 

For water diverted by sewers .... 1,272,00c1 

For water wasted below Sudbury darn . . 1,500,000 

8,195,000 

For losses in manipulation of filters, storage 

and draft, 2 per cent. 

For growth of towns now taking water from 

metropolitan watersheds within the next ten 

years. 

For losses due to new sewerage systems and ex¬ 

tensions of old sj^stems. 

For maintenance of filters on Sudbury and Co- 

chituate watersheds. 

For leakage through aqueducts, reservoirs and 

pipe lines. 

3,380,000 

500,000 

1,000,000 

450,000 

1,000,000 

6,330,000 

Total,.. . . 14,525,000 

Note. — In the above table it is assumed that not more than two of 

the small towns which now take water from within the metropolitan water¬ 

sheds will divert their sewage outside that area. 

Conclusions as to Safe Yield of the Present Sources. 

Deducting the above amount from the gross safe yield of the 

sources, viz., 169,000,000 gallons per day, the net available 

safe yield of the present sources of supply will amount in 1930, 

in round numbers, to about 154,000,000 gallons per day. No 

allowance has been made in this estimate for water sold outside 

the district, though a small amount has been sold in each year 

for several years, and in dry periods much larger quantities. 

Furthermore, no allowance has been made for the taking of 

water from the metropolitan watersheds by any of the other 

municipalities having rights reserved in those waters. It will 

be noted that the safe yield of the metropolitan sources has 

been calculated on the basis of the rainfall and yield of these 

watersheds in the most recent dry period. The rainfall records 

1 Average of three years ending with 1920. 
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of New England indicate that such periods occur five or six 

times in a century, and that in some of the dry periods of the 

past there has been a smaller precipitation, and hence, no 

doubt, a considerably smaller yield of watersheds, than in the 

dry period which began in 1908. In this estimate, also, no 

allowance has been made for the yield of Farm Pond because 

the railroads may use more water from this pond than its 

watershed can be relied upon to yield. It is probable that the 

town of Framingham will in the near future take its water 

supply from the Wachusett system and discontinue the use of 

the filter galleries near Farm Pond, the water of which is 

affected unfavorably by drainage from the densely populated 

areas in their neighborhood. Even after this change is made, 

however, it is probable that metropolitan water will have to be 

obtained in dry seasons to maintain the level of Farm Pond, 

though no allowance for such probable diversion is made in 

these estimates. 

Before considering the relation of the safe yield of the 

metropolitan sources to the consumption of water in the present 

Metropolitan District, it is essential to consider the possible 

requirements of the city of Newton, already a part of the 

district, which has hitherto supplied itself from independent 

sources. 

Water Supply of the City of Newton. 

The city of Newton, though a part of the Metropolitan 

Water District, has continued to supply itself with water, 

except in emergencies, from its own sources near the Charles 

River up to the present time. The capacity of these sources 

has recently been the subject of a careful study by the city 

engineer of Newton, who has recommended to the city govern¬ 

ment that application now be made for taking metropolitan 

water to meet the requirements of the city above the yield 

of present sources, provided an agreement can be made with 

the Metropolitan Water District wherebv the city of Newton 

will guarantee to furnish from its own works 4,000,000 gallons 

of water per day and will be credited for the same under 

the provisions of chapter 422 of the Acts of the year 1913, 

entitled “An Act relative to allowances to cities and towns in 
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the Metropolitan Water District for water furnished from their 

own sources.” 

The water supply of the city of Newton is drawn from 

ground sources along the westerly side of the Charles River 

in the town of Needham. The works are all included within a 

water works reservation of some 750 acres, of which 655 are on 

the Needham side, extending from Needham Street to a point 

about 10,500 feet south of Kendrick Street or to the Needham- 

Dedham town line. Within this area are located a series of 

conduits, lying approximately 10 feet below the ordinary level 

of the water in Charles River, to which are connected a col¬ 

lecting system of open-joint pipes and a large number of tubu¬ 

lar wells. At the extreme southerly end of this system is a 

large well which has been excavated to a level about 32 feet 

below that of the conduit near by. The water level when 

pumping from this well ranges from 21 to 27 feet below7 this 

conduit. Further extension of the collecting works along the 

river in a northerly direction is impracticable on account of 

unfavorable conditions there, both as to the character of the 

soil and the presence of population in this region. On the 

south further extension is limited by the water reservation of 

the towm of Brookline. 

The quality of the water of the Newton w-ater supply has 

remained good with little change for a long period of years, in 

marked contrast to the great deterioration that has taken 

place in some of the other ground-water supplies in the Charles 

River valley. The maintenance of satisfactory conditions in 

this case is no doubt due to the fact that this supply has not 

been greatly overdrawm. The fact that the water from the 

latest structure, a large deep vTell near the southerly end of the 

Newton water supply reservation from which water is drawn 

to a greater depth than from the other sources, show-s a ten¬ 

dency to deteriorate, though in use a much shorter time than 

the other sources, is an indication of what might happen if the 

ground wrater w^ere lowered to the extent that has been the 

case with the collecting systems in some other municipalities. 

It is not improbable that a reduction in the draft from the 

large well may have to be made in the future to maintain the 

water in suitable condition, and such a reduction wTould tend to 
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reduce the quantity of water that can be supplied from these 

works. How long this supply can be maintained in its present 

purity is still uncertain, the result depending in part upon the 

avoidance of an excessive draft, but also in part upon the 

growth of population in the neighborhood, and, of equal or 

perhaps greater importance, upon the maintenance of clean 

water in the river itself. 

The water of the Charles River opposite the Newton pump¬ 

ing station has shown a gradual deterioration for many years. 

In the lower part of the Charles River watershed, including the 

town of Dedham, all of the municipalities are provided with 

systems of sewerage by which domestic sewage is kept from 

entering the river, and a recent extension of the metropolitan 

sewerage system up the river from Dedham provides an outlet 

by which the sewage of Wellesley and Needham can be diverted 

from the watershed. Sewers have alreadv been constructed 
CJ 

in Wellesley and connected with the metropolitan sewerage 

system, and the construction of similar works in Needham 

will probably not be long delayed. In the upper reaches of the 

river the larger towns have provided themselves with systems 

of sewerage and sewage disposal in recent years by which 

domestic sewage is largely diverted from the river, though lack 

of care in the operation of at least one of these works has 

resulted in the pollution of the river by more or less crude 

sewage in recent years; but while provision has been made for 

removing the sewage from this river, its pollution by manu¬ 

facturing waste has been increasing, and the quality of the 

river water is gradually deteriorating. A large part of the 

water supply of the city of Newton is undoubtedly derived 

from the Charles River by filtration through the ground, and 

in consequence the character of this water is likely to be 

affected materially by the condition of Charles River. If the 

pollution continues to increase in the future it will undoubtedly 

have an unfavorable effect upon the character of this water 

supply. 

The population in the neighborhood of the wells on lands 

draining toward the gravel deposits from which the water is 

drawn is very small at the present time, and thus far has had 

little effect upon the quality of the water. While the mineral 

ci 
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content of the water is gradually increasing, this condition is 

undoubtedly due largely to the deterioration of the river water, 

though a small portion of it may be derived from the sparse 

population in the region in which the wells are located. Con¬ 

sidering the large area of land controlled by the city in this 

region, and the lack of transportation facilities in adjacent 

territory, it is likely that deterioration from the growth of 

population in this neighborhood will be slow for many years, 

notwithstanding the nearness of this area to the city of Boston 

(between 8 and 9 miles from the State House). 

At various times up to 1913 the city of Newton was granted the 

right to take water from the Charles River or its watershed to 

an aggregate amount not exceeding 5,000,000 gallons per day, 

and in 1913 the city was further authorized to take an addi¬ 

tional quantity amounting to 3,000,000 gallons per day, or 

such part thereof as might be approved by the State Depart¬ 

ment of Health, making a total of 8,000,000 gallons per day 

which might under certain circumstances be drawn from the 

Charles River watershed. Restrictions imposed by the State 

Department of Health under this act, however, require that the 

amount of water drawn from the river shall be proportionate 

to the rainfall, and in years of low rainfall the draft is restricted 

to 5,000,000 gallons per day. These restrictions, imposed for 

the purpose of maintaining proper sanitary conditions in the 

river below the Newton water works, are unlikely to be changed 

in the direction of allowing a greater draft of water from this 

watershed in the future, unless adequate compensation is made 

for maintaining the flow of the stream by the construction of a 

storage reservoir of sufficient capacity in the watershed of the 

river farther upstream. Considering the difficulties in the way 

of such a project, it is unlikely to be found practicable. 

There are, of course, large fluctuations in the seasonal and 

daily use of water in the city of Newton as in other munic¬ 

ipalities, and while these are equalized to some extent by the 

storage available in the distributing reservoirs, the use of water 

in periods of maximum consumption is, nevertheless, consider¬ 

ably in excess of the average for the year. With the maximum 

limit of 5,000,000 gallons per day in dry years the average 

daily consumption, taking the year as a whole, cannot much 
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exceed three-fourths of that limit, or 3,750,000 gallons per day, 

without danger of exceeding the maximum in periods of high 

consumption. Under these conditions the sources of water 

supply of the city of Newton used alone cannot be relied 

upon to yield in dry periods much more than 3,750,000 gallons 

per day, a quantity which is less than 100,000 gallons per day 

in excess of the amount used by the city in 1920. 

It is not improbable, furthermore, that the supply obtain¬ 

able in the future may be even less than this quantity in 

a very dry period, since the increase in the amount of water 

drawn from the river or its tributaries for water supply pur¬ 

poses at points above, and the diversion of water by extensions 

of sewerage systems in those regions, will undoubtedly lower 

the flow of the river in the neighborhood of the Newton water 

works in the future. If used in connection with the metropoli¬ 

tan sources of water supply, however, it will no doubt be prac¬ 

ticable, for some years at least, to draw a greater average 

quantity from the Newton sources than they can supply inde¬ 

pendently in a very dry period, and the estimate of a safe yield 

of 4,000,000 gallons per day from these sources if used in 

connection with the sources of the Metropolitan Water District 

appears to be a reasonable one under conditions that exist in 

the Charles River valley at the present time. 

Adequacy of Present Sources of the Metropolitan 

Water District. 

Bringing together the records and estimates of the consump¬ 

tion of water in the municipalities now constituting the Metro¬ 

politan Water District, including Newton but omitting any 

further provision for the city of Worcester or for other mu¬ 

nicipalities which have rights reserved for them in the water¬ 

sheds from which the metropolitan water supply is derived, 

and have not yet exercised these rights, the following table 

has been prepared showing the actual consumption of water 

in the present district in the year 1920 and an estimate of the 

probable water consumption five, ten and fifteen years hence, 

that is, in 1925, 1930 and 1935: — 
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Year. 

Metropolitan 
District, excluding 

Newton. 
Newton. Total. 

Popula¬ 
tion. 

Water Con¬ 
sumption 
(Gallons). 

Popula¬ 
tion. 

Water Con¬ 
sumption 
(Gallons). 

Popula¬ 
tion. 

Water Con¬ 
sumption 
(Gallons). 

1920 1,206,849 127,265,000 46,054 3,687,000 1,252,903 130,952,000 
1925 . . 1,333,680 140,703,000 50,200 4,267,000 1,383,880 144,970,000 
1930 1,463,870 163,661,000 54,500 4,883,000 1,518,370 168,544,000 
1935 . . . 1,592,460 187,592,000 58,900 5,537,000 1,651,360 193,129,000 

The estimated safe yield of all of the sources of water supply 

available to the Metropolitan District at the present time, as 

stated on page 91, is, in round numbers, 154,000,000 gallons 

per day. Upon comparing this figure with the actual quantity 

of water used daily in the year 1920, and with the estimated 

requirements in 1925, 1930 and 1935, as shown in the following 

table, it will be seen that at the estimated rate of increase in 

the use of water the quantity required by the district will 

exceed the net safe yield of the available sources of supply by 

about the year 1928, even if no municipality is either added 

to the district or exercises an existing right to take water 

from any source within the metropolitan watersheds. In 

making up this table it has been assumed that the sources of 

water supply of the city of Newton will be continued in use, 

and that the yield therefrom will be about 4,000,000 gallons 

per day, and that only the surplus requirements of that city 

will be drawn from the metropolitan water works. 

Table showing a Comparison of the Yield of the Metropolitan Water 

Supply Sources, plus those of the City of Newton, and the Consump¬ 

tion of Water in the Present Metropolitan Water District in Census 

Years, 1920 to 1925. 

Million Gallons per Day. 

0 

1920.i 1925. 1930. 1935. 

Safe yield of all metropolitan sources including New¬ 
ton supply. 

158.0 158.0 158.0 157.02 

Consumption of water in Metropolitan Water Dis¬ 
trict (including Newton). 

131.0 145.0 168.5 193.1 

Excess ......... 27.0 13.0 - •- 
Deficiency. 10.5 36.1 

1 Actual; other figures estimated. 

2 An allowance for a reduction of 1,000,000 gallons per day is made in the safe yield to pro¬ 

vide for additional diversions of water from the metropolitan watershed and increasing losses by 

leakage. 
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This table shows that by about the year 1930 the quantity 

of water used in the district, on the basis of the estimates 

already given, may exceed the safe available yield of the sources 

by about 10,000,000 gallons per day. 

Necessity for Immediate Action on an Additional Supply. 

With years of low rainfall and a population and water con¬ 

sumption no greater than is herein estimated, unless a new 

water supply is made available by about the year 1928, serious 

depletion of the storage in the reservoirs will begin which, 

with the increasing consumption of water, will lead to their 

exhaustion unless an additional supply is made ready for use 

soon after that time. If, through the revival of business or 

from other cause, the consumption of water should increase 

more rapidly than estimated, the result would be, in years of 

low rainfall, an earlier and a more rapid and serious depletion 

of the storage reservoirs than is here indicated. Even with 

years of average rainfall and an increasing consumption of 

water, if the district continues to grow, the supply would 

eventually become exhausted at a date not greatly beyond the 

time herein indicated. 

The history of the growth of population and industry in 

the Metropolitan Water District for many years in the past, 

and the constant tendency toward an increase in the consump¬ 

tion of water at a somewhat greater rate than the growth 

of population, — a tendency common to practically all cities, 

both in the United States and in England, — when considered 

in connection with the safe yield of the present sources of water 

supply, show clearly the necessity of increasing the water 

supply of the district in season to meet a greater demand 

than the present sources can safely be depended upon to 

supply after about six years. 

In this estimate, as stated, no allowance is made for the 

taking of additional water from the district sources by any of 

the municipalities having rights reserved therein under various 

legislative acts, which have not yet exercised such right. 

Rights have been reserved to some 19 municipalities, but have 

thus far been exercised by only 9. More important, however, 

is the fact that no allowance is made in these calculations for 
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furnishing water to municipalities outside the present district 

but within the 10-mile limit from the State House which may 

join the district if they so elect. There are several municipali¬ 

ties which are now using nearly all the water which their 

present sources will yield, some of which, as will be shown later, 

will inevitably find it necessary to secure a part of their sup¬ 

plies from the district, probably with the coming of the next 

dry period. 

It is not possible to secure on short notice an adequate 

supply of suitable water for the additional needs of so large a 

district without great and wasteful expenditures upon hastily 

devised schemes, and without danger of serious damage to 

established industries. In order to devise, construct and place 

in operation a satisfactory additional water supply of the 

capacity required from any suitable source, much time will 

be required for legislation, for preliminary investigations, and 

for the preparation of plans before the work can begin, and 

such work is always subject to delays from various causes. 

The period which elapsed between the time the construction 

of the Wachusett Reservoir was authorized and the completion 

of the work was eleven years, and the period required for the 

construction of the reservoir alone, after work on the ground 

was actually begun, was nine years. The reservoir was not 

filled with water for the first time until thirteen years after the 

construction of the works was authorized, and eleven years 

after the construction of the reservoir was begun. In view of 

the nearness of the probable limit of time within which the 

present sources of water supply of the Metropolitan Water 

District will be adequate for the purpose, and considering also 

the time required for the actual introduction of water from any 

source which may be adopted, it is of the utmost importance 

that a scheme be selected and the work begun at the earliest 

practicable time. 

Quality of the Water of the Present Sources of Water 

Supply of the Metropolitan Water District. 

The water obtained from the Wachusett and Sudbury reser¬ 

voirs and from Basin No. 3, and delivered to the district 

through the Weston Reservoir, Chestnut Hill Reservoir, and 
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Spot Pond, is soft, has little color, and is of excellent quality 

for all domestic uses. It has been affected occasionally in the 

past by growths of organisms which impart to the water a 

noticeable taste and odor. These occurrences are compara¬ 

tively rare, and the tastes and odors noted in the water of the 

Metropolitan District since the introduction of the metropolitan 

water supply have been largely due to the use of water from 

other sources, especially Lake Cochituate, except in earlier years. 

In 1909, about a year after Wachusett Reservoir was first 

filled, an extensive growth of the organism Asterionella caused 

the water to have a noticeable taste and odor throughout the 

greater part of the district, and a similar but much less objec¬ 

tionable condition has occurred occasionally since that time. 

The water of the southern Sudbury River when used for the 

supply of the district is taken from Framingham Reservoir 

No. 2. In the upper part of this watershed are the large stor¬ 

age reservoirs known as the Ashland, Hopkinton and Whitehall 

reservoirs, all but the latter of which were thoroughly prepared 

for the storage of water by the removal of all the vegetation 

and organic matter on the area flowed. The watersheds of 

these reservoirs, however, contain considerable areas of swamp, 

and the waters entering them are quite highly colored. A con¬ 

siderable improvement is effected by storage in the reservoirs, 

but there is no means of drawing these wraters for the supply 

of the district except by discharging them into the streams 

below the respective reservoirs through which the water flows 

to the Sudbury River and thence to Reservoir No. 2. Along 

the course of the Sudbury River, below the tributary reservoirs 

but above reservoir No. 2, there are extensive areas of swamps, 

and the water which enters this reservoir is usually highly 

colored. Its storage capacity is small, and in consequence 

little improvement in the quality of the water occurs in its 

passage through the reservoir, and if water should be drawn 

in any considerable quantity from this source for the supply 

of the Metropolitan Water District it would no doubt be 

objectionable, especially on account of the increase that would 

result in the color of the water supplied to consumers. 

The water of Lake Cochituate, while not highly colored, is 

usually affected by the presence of large numbers of organisms 
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and by objectionable tastes and odors, so that the mixture of 

even small quantities of this water with the supply delivered 

to the Metropolitan Water District usually causes serious com¬ 

plaint. Neither the waters of the southern Sudbury River 

nor of Lake Cochituate would be satisfactorv if used in their 

present state for the supply of the district in connection with 

that of the Wachusett system, and these waters should not 

be used unless purified by efficient filtration. 

There are still more important reasons requiring the filtration 

of these waters before they are used for the supply of consumers 

at the present time. The total population within the water¬ 

shed of the Sudbury River, according to the report of the 

Metropolitan District Commission in 1920, was 23,033, not 

including a summer population of 478. A large part of this 

population, however, was connected with systems of sewers 

through which the sewage was removed from the watershed, 

but there was still a total population of 8,954, or 119.1 persons 

per square mile, not connected with the sewers. The small 

size of the Framingham Reservoir No. 2 affords a very inade¬ 

quate protection by storage from the effect of possible pollution 

of the southern Sudburv waters. 
«/ 

The watershed of Lake Cochituate contained in 1920 a 

permanent population of 17,756, or 183.6 persons pqf square 

mile, of which 3,228 are not connected with the sewers; that 

is, the population is much greater per square mile than on 

the southern Sudbury River, but the large storage in the 

lake and its division into three basins, considered in con¬ 

nection with the fact that the bulk of the pollution enters at 

the southerly end of the lake, while the aqueduct leaves the 

lake near its northerly end, gives a large protection by storage 

under ordinarv conditions. But when this lake comes to be «/ 
used regularly, and large quantities of water are drawn from it, 

the storage will be lowered materially and the protection re¬ 

duced. This water also should be filtered for the protection 

of the public health before it is supplied for domestic use. 

The watershed of the Wachusett Reservoir contained in 1920 

6,162 inhabitants, besides 1,331 temporary inhabitants in the 

summer season, the total permanent population being 56.6 per 

square mile. The population increased considerably from 1915 
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to 1920, and the removal of sewage from parts of this watershed 

will be necessary in the immediate future if serious pollution of 

the wrater supply is to be effectively prevented. 

The watershed of the Sudbury Reservoir of the Wachusett 

system contains the city of Marlborough, but the sewage of 

that city is diverted for treatment to a point outside the water¬ 

shed, and most of the water flowing from the populated areas 

of the city is filtered before it enters the reservoir. 

Under the circumstances, while the filtration of the water 

of the Wachusett system, either for protection from danger 

of pollution or for the purpose of improving the quality of 

the water, is not a requirement of the immediate future, pro¬ 

vided adequate means for preventing pollution are enforced, 

there is no doubt that filtration would improve the quality of 

the water and furnish an added protection to the health of the 

district. Sewerage works should, however, be provided in the 

immediate future in certain parts of the Wachusett watershed 

where the waters are now seriously polluted, unless other 

measures are adopted for the prevention of this pollution. 

The water of Lake Cochituate and that of the southern 

Sudbury River, however, are too objectionable for use without 

treatment, and filtration works should be provided for the treat¬ 

ment o| these waters as soon as their regular use becomes 

necessary. 

Water Supply of the City of Worcester. 

The city of Worcester is supplied with water from storage 

reservoirs on Lynde Brook in Leicester, on Kettle Brook in 

Leicester and Paxton, on Tatnuck Brook in Holden, and on 

certain tributaries of the Quinepoxet River within the water¬ 

shed of the Wachusett Reservoir. The water drawn from 

the four storage reservoirs on Kettle Brook is diverted into 

Lynde Brook Reservoir by gravity and used for the supply 

of the high-service districts of the city. The reservoirs on 

Tatnuck Brook, known as Holden Reservoirs Nos. 1 and 2, 

are the principal sources of the water supply of the low-service 

system, and they have recently been supplemented with water 

from Kendall Reservoir, constructed within the Wachusett 

watershed, the water of which is diverted into the upper 
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Holden Reservoir known as No. 1. A larger reservoir, known 

as Pine Hill Reservoir, is now being constructed on the area 

reserved for the city of Worcester within the Wachusett water¬ 

shed, the water from which will flow by gravity to Kendall 

Reservoir and thence to the Holden Reservoirs. The area, 

capacity, and the area of watershed of each of the reservoirs 

now in use or under construction for the water supply of the 

city of Worcester are shown in the following table: — 

Reservoir. Elevation 1 
(Feet). 

Area of 
Reservoir 
(Square 
Miles). 

Total Storage 
Capacity 
(Million 

Gallons). 

Area of 
Watershed, 
including 
Reservoir 
(Square 
Miles). 

Kettle Brook No. 4 1,082.74 .186 514 1.805 

Kettle Brook No. 3 . 1,040.00 .058 152 .722 

Kettle Brook No. 2 . 988.50 .048 127 .569 

Kettle Brook No. 1 845.36 .007 19 1.0022 

Lynde Brook 822.94 .206 701 2.921 

Upper Holden . 750.88 .211 794 4.555 

Lower Holden 718.80 .089 283 .676 

Kendall .... 814.00 .273 850 2.451 

Pine Hill .... 910.00 .720 3,000 6.899 

Totals .... - 1.798 - 21.600 

* Above mean sea level, 2 Includes Peter Brook. 
" • 

The safe yield of the present sources of water supply of the 

city of Worcester is about 16,000,000 gallons per day, but with 

the completion of the Pine Hill Reservoir this yield will be 

increased to 19,300,000 gallons per day, as estimated by the 

engineers of the city. The consumption of water in the city 

in 1920 was 16,515,000 gallons per day, and the safe yield of 

the Worcester sources, including Pine Hill Reservoir, will be 

reached, at the rate of increase in consumption of water 

maintained for many years in the past, within the next five 

years. 

The city of Worcester has grown steadily and quite rapidly 

for many years, having doubled in population since 1891. The 

city adopted the meter system many years ago, and for the 

last twenty-six years more than 90 per cent of the services have 

been metered. The increase in the consumption of water per 
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capita since 1900 has been at the rate of 1.16 gallons per head 

per year. Allowing that the rate of increase in the population 

in the future will be less than in the past, and that it will 

require forty-five years for the population to become double 

what it is to-day, and allowing for an increase in the per capita 

daily consumption of about 0.9 of a gallon per person per 

year, the quantity of water required in the future will be about 

as shown in the following table: — 

Estimated Population and Water Consumption of the City of Worcester, 

1920-1970. 

Population. 

Per 
Capita Con¬ 

sumption 
(Gallons). 

Total Con¬ 
sumption 
(Gallons). 

1920 1 . 179,754 91.9 16,515,000 

1925 . 198,500 96.8 19,215,000 

1930 . 217,500 101.6 22,098,000 

1935 . 237,000 106.2 25,169,000 

1940 . 257,100 111.0 28,538,000 

1945 . 277,800 115.5 32,086,000 

1950 . 298,000 120.1 35,790,000 

1955 . 318,800 124.3 39,627,000 

1960 . 339,600 128.6 43,673,000 

1965 .. 360,000 132.8 47,808,000 

1970 .* . 380,700 137.0 52,156,000 

1 1920 figures actual; others estimated. 

In the foregoing table no allowance is made for the proba¬ 

bility that water will eventually be supplied from the city of 

Worcester to some of the adjacent towns which now obtain 

their water supplies from independent sources. 

An investigation for an additional supply of water for the 

city of Worcester has been made under authority of chapter 

176 of the Special Acts of the year 1918, which was passed in 

response to a petition by the city of Worcester, and a report 

was presented to the Legislature of 1920, which is printed as 

Senate Document No. 346 of that year. That report presents 

in some detail the results of studies of many sources of water 

supply in the region about Worcester, and recommends that 
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the city be authorized to take an additional supply from 

Quinepoxet Pond and a neighboring stream, tributaries of the 

Quinepoxet River, which is one of the main feeders of the 

Wachusett Reservoir. The watersheds from which the city 

desires to take water have an area of about 17.4 square miles, 

or 15.9 per cent of the area remaining tributary to Wachusett 

Reservoir after the diversion of the watersheds of the Pine 

Hill and Kendall reservoirs provided for in the original Metro¬ 

politan Water Act. 

The estimated cost of the various plans considered as sources 

of additional water supply for Worcester is given in the above- 

mentioned report as follows:—■ 

Estimates of Cost. 

Early in the report it was stated that satisfactory estimates are im¬ 

possible under the present conditions of labor, scarcity and high prices 

of coal and other materials and equipment. This is especially true be¬ 

cause much of the work will be deferred for a number of years, when it 

is probable that more normal conditions wall obtain. The scarcity of 

labor has been felt by the city in carrying on current work, and this 

would be aggravated by starting immediately on any large program of 

construction. However, to reach a decision, estimates have been pre¬ 

pared for the Quinapoxet project (No. 1), for the project which involves 

taking Stiles Reservoir and Cedar Meadow Pond (No. 2), and for the 

Five Mile River project (No. 3), which involves taking and enlarging 

Stiles Reservoir for storage only and filling it from the Five Mile River 

source. In these estimates the current high prices for construction have 

been used, and also water damages above the average paid in the past. 

Quinapoxet Project (No. 1). 

The first cost of obtaining water from the Quinapoxet source and deliv¬ 

ering it to both high and low service, including works and damages as 

outlined on pages 20 to 23, is estimated to amount to $833,000. 

It is estimated that a dam at Gray’s Mill, with its top at elevation 

800, with appropriate works for stream control during and after construc¬ 

tion, including the expense of purchasing and improving the site of the 

reservoir, with a flow line at elevation 790, would cost in the neighbor¬ 

hood of $1,050,000. Such a reservoir would not appear necessary until 

1940. 

Stiles Reservoir-Cedar Meadow Pond Project (No. 2). 

The initial works necessary for bringing water from Stiles Reservoir 

to the city of Worcester involve a concrete conduit to Lynde Brook Res¬ 

ervoir, a connection from Cedar Meadow Pond to Stiles Reservoir, and 
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the drainage of the large swamp on its watershed. These works, to¬ 
gether with the cost of acquisition and the damages for diversion of 

water, are estimated to amount to $2,250,000. 
In about 1935 it will probably be found desirable to raise the level of 

Stiles Reservoir to elevation 873, and thereby develop its great storage 

capacity as a safeguard to the city of Worcester against a dry period. 

The cost of the dam and dikes, together with the improvement of the 

area to be flowed, is estimated at present prices to be about $2,370,000. 
Not many years after the construction of the reservoir it will probably 

be necessary to bring in water from a new source — presumably the Five 

Mile River — to maintain the reservoir full. 

Five Mile River Project (No. 3). 

The necessary works to deliver water to the city of Worcester from the 

Five Mile River at Lake Lashaway include the enlargement of Stiles 

Reservoir, the concrete conduit from there to Lynde Brook Reservoir, 

the improvement of the swamp above Stiles Reservoir, and the building 

of a pumping station at Lake Lashaway with a force main and channels 

to carry the water over the divide and deliver it into Stiles Reservoir. 

The estimated cost of this project, including the cost of acquiring the 

Stiles Reservoir site and the damages from the taking of Lake Lashaway, 

Brooks Pond and the flows of the Five Mile River for the months of Jan¬ 

uary to May, inclusive, of each year, amounts to $4,700,000. 

An increased pumping capacity or a large storage reservoir would be 

necessary in about 1940. The cost of such storage reservoir and a pipe 

line to connect it with the pumping station at Lake Lashaway at present 

prices is estimated to be $1,100,000. 

For a final comparison of these schemes there should be added to the 

Quinapoxet supply the sum of $460,000, which, assumed to be set aside 

in 1925 at 4^ per cent interest, would pay for all future pumping of the 

amount of water which could be furnished by gravity from the drainage 

areas of Stiles Reservoir and Cedar Meadow Pond. Similarly, $980,000 

should be added to the ultimate cost of the Lake Lashaway project. 

The present sources of water supply of Worcester are drawn 

from sparsely populated watersheds, and the water supplied 

from them, though affected sometimes by growths of organisms 

which occasionally reach sufficient numbers to cause objection¬ 

able tastes and odors, is soft and nearly colorless and of good 

quality for domestic use. So far as can be judged at the 

present time, these reservoirs are likely to continue to furnish 

water of suitable quality for the supply of the city for many 

years in the future. Additional sources will have to be pro- 
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vided, however, in the immediate future to meet the growing 

needs of the city, and the situation of the city of Worcester is, 

therefore, very similar in the matter of water supply to that of 

the Metropolitan Water District. Each has nearly reached the 

limit of capacity of its present water supply, and each in the 

near future must incur a large expenditure to meet its rapidly 

growing needs. 

The investigations made by the engineers of the city of 

Worcester indicate clearly that the cost of works for supplying 

water to that city from Quinepoxet Pond would be less than 

from any other source investigated. Judging from the obvious 

practical advantages of such a plan, it appears probable 

that a mutually satisfactory arrangement eventually will be 

made whereby the city of Worcester will in the future obtain 

its additional water supply from the watersheds of or in connec¬ 

tion with the Metropolitan Water District. 

Effect upon the Water Supply of the Metropolitan 

Water District if the City of Worcester were 

GRANTED THE RlGHT TO TAKE AN ADDITIONAL SUPPLY 

FROM THE WACHUSETT WATERSHED. 

In a previous table (on page 82) only the water supply 

needs of the Metropolitan Water District as at present con¬ 

stituted have been considered. If the petition of the city of 

Worcester for the right to take water from a portion of the 

Wachusett watershed should be granted, the water supply of 

the Metropolitan Water District would be depleted at a 

more rapid rate than is indicated in the previous table. With 

the completion of the Pine Hill Reservoir the city of Worcester 

will have developed all of its available sources of water supply 

to their fullest practicable capacity, and their yield will prob¬ 

ably be sufficient to meet the requirements of the city, so far 

as can now be foreseen, for at least five years. Assuming 

that after that time any deficiency in the city’s supply will be 

met from the metropolitan watersheds, the safe yield of these 

watersheds plus the safe yield of the sources of water supply 

of the city of Worcester will be about as shown in the following 

table: — 
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Gallons. 
Safe yield of sources of supply of the Metropolitan Water 

District with allowance for various losses .... 154,000,000 

Estimated safe yield of the sources of water supply of the 

city of Newton. 4,000,000 

Estimated safe yield of the sources of water supply of the 

city of Worcester. 19,300,000 

Total safe yield of sources of water supply of the Metro¬ 

politan Water District, including the cities of Newton 

and Worcester. 177,300,000 

A comparison of this total safe yield with the actual con¬ 

sumption of water in the Metropolitan Water District, including 

the city of Newton, and in the city of Worcester, in 1920, 

with the estimated water consumption in 1925, 1930 and 1935, 

is shown in the following table: — 

Million Gallons per Day. 

1920.i 1925.2 1930.2 1935.2 

Safe yield of metropolitan sources, including Newton 
and Worcester. 

177.3 177.3 177.3 176.3 

Consumption of water in Metropolitan District, plus 
Newton and Worcester. 

147.5 164.2 190.6 218.3 

Excess of safe yield over consumption of water . 29.8 13.1 — — 

Deficiency of safe yield compared with estimated con¬ 
sumption of water. 

— — 13.3 42.0 

1 Consumption figures actual. 2 Consumption figures estimated. 

The results presented in this table indicate that with the 

addition of the city of Worcester the sources of the Metro¬ 

politan Water District would be more rapidly depleted than 

would otherwise be the case, and the storage in the reservoirs 

would become exhausted at a somewhat earlier date. 

Probable Requirements of Cities and Towns within 10 

Miles of the State House not at Present included 

in the Metropolitan Water District. 

The legislation providing for a metropolitan water supply, 

chapter 488, Acts of 1895, contains the following provisions 

relative to the municipalities to be supplied with water under 

that act: — 
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Section 3. Said board, acting for the Commonwealth, shall construct, 

maintain and operate a system of metropolitan water works substantially 

in accordance with the plans and recommendations of the state board of 

health, contained in their report to the legislature of the year eighteen 

hundred and ninety-five, and shall provide thereby a sufficient supply of 

pure water for the following named cities and towns, and the inhabitants 

thereof, to wit: — The cities of Boston, Chelsea, Everett, Malden, Med¬ 

ford, Newton and Somerville, and the towns of Belmont, Hyde Park, 

Melrose, Revere, Watertown and Winthrop, which cities and towns 

shall constitute the Metropolitan Water District; shall secure and pro¬ 

tect the purity of said water; shall on application furnish water to any 

city or town aforesaid that at the time of application owns its water pipe 

system; shall on application admit any other city or town, any part of 

which is within ten miles of the state house, into said water district, and 

furnish water to the same oh the terms prescribed by this act for the cities 

and towns aforesaid, and on such payment of money as said board may 

determine; shall on application furnish water to any water company 

owning the water pipe system in any town within said ten miles, on such 

water company assuming the assessments of the town, if any, and making 

such payment of money as said board may determine; and may from 

time to time furnish water to any other city, town or water company, on 

such payment of money as said board may determine. . . . 

Since the passage of the above act the city of Quincy and 

the towns of Arlington, Lexington, Milton, Nahant, Stoneham 

and Swampscott have been admitted to the district, while the 

town of Hyde Park has been annexed to the city of Boston 

and disappears as a separate municipality. In addition to the 

towns which originally constituted or have since joined the 

Metropolitan Water District, there remain 16 cities and towns 

within the 10-mile limit which, the act requires, shall on 

application be admitted to the district and supplied with water 

under the terms prescribed in the act. These municipalities 

are the following: Lynn, Saugus, Wakefield, Woburn, Winches¬ 

ter, Cambridge, Waltham, Brookline, Wellesley, Needham, 

Dedham, Canton, Braintree, Weymouth, Hingham and Hull. 

Of these municipalities the city of Cambridge and the town 

of Brookline lie wholly within the geographical limits of the 

Metropolitan Water District as now constituted, while each 

of the remaining municipalities is adjacent to its present 

boundaries. The population of each of these cities and towns 

in census years since 1870 is shown in the following table: — 
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The quantity of water used by each of these cities and towns 

in census years since 1900, so far as records are available, is 

shown in the following table. Estimates of the consumption 

have been made where records are not available, and wherever 

the figures are estimates they are so noted. 

i 
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While the cities and towns included in the foregoing table, 

with the exception of Cambridge and Brookline, are outside 

the boundaries of the Metropolitan Water District and have 

not grown in population in the past at the same rate as the 

district as a whole, their situation is such with respect to the 

district that they are likely to increase in population somewhat 

more rapidly in the future than in the past. Furthermore, 

many are important manufacturing municipalities which are 

likely to have a considerable growth from that cause alone. 

Estimates of the future population of these cities and towns, 

together with their probable water supply requirements, are 

shown in the following table: — 
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Water Supply of the City of Cambridge. 

The water supply of the city of Cambridge was taken 

originally from Fresh Pond in Cambridge in 1856. This supply 

was supplemented in 1887 with water brought in a conduit 

from a storage reservoir constructed on Stony Brook, a tribu¬ 

tary of the Charles River, in Waltham and Weston, known 

as the Stony Brook Reservoir. In 1897 a larger storage reser¬ 

voir, separated into two parts and known as the Upper and 

Lower Hobbs Brook Reservoirs, was completed on Plobbs 

Brook, a tributary of Stony Brook, in Waltham, Lincoln and 

Lexington. The water from the Hobbs Brook Reservoirs flows 

in the channel of Hobbs Brook to Stony Brook Reservoir, 

and is drawn through a conduit to Fresh Pond, whence it is 

pumped for the supply of the city. The area and capacity of 

Fresh Pond and of the storage reservoirs on Stony Brook, 

together with the area of the watershed of each, are shown in 

the following table: — 

Reservoir. 

Upper Hobbs . 

Lower Hobbs 

Stony Brook 

Fresh Pond 

Area 
in Square 

Miles, 
Water 

Surface. 

.14 

.73 

.12 

.11 

.25 

Available 
Capacity 

in 
Million 
Gallons. 

241.4 

2,097.4 

406.02 

354.0 

400.0 

770.03 

Elevations1 re¬ 
ferred to. 

High 
Water. 

181.0 

181.0 

83.0 

81.0 

17.0 

17.0 

Low 
Water. 

61.0 

61.0 

9.0 

3.0 

Area 
of Water¬ 

shed 
in Square 

Miles. 

7.25 

16.32 

1.25 

1 Elevations refer to Cambridge city base. Subtract 4.98 feet to convert to Boston city base. 

2 Approximate. Flashboards have recently been placed on the spillway of Stony Brook Reser¬ 

voir, and this capacity has not been used heretofore. 

3 This capacity is not available, as 9.0 is considered by Cambridge authorities the lowest level 

to which Fresh Pond can be drawn. 

The amount of water obtainable at the present time from 

Stony Brook and Fresh Pond is limited by the capacity of the 

conduit connecting these sources, which was estimated several 

years ago to have a capacity of 11,375,000 gallons per day. 

The safe yield of present sources of water supply w7as estimated 

by Mr. F. P. Stearns, consulting engineer, in a report to the 
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city of Cambridge dated October 26, 1911, as 11,500,000 gal¬ 

lons per day. The increased storage caused by raising Stony 

Brook Reservoir 2 feet has increased the safe yield of all sources 

to about 11,700,000 gallons per day. The consumption of water 

in the city of Cambridge in the year 1920 was 11,435,000 gal¬ 

lons per day, or an amount nearly equal to the safe yield of 

the Cambridge water works as at present developed. 

Limitations of Enlargement of Cambridge Supply. 

In the original plans for increasing the water supply of Cam¬ 

bridge by the taking of Stony Brook, surveys were made of 

various reservoir sites all of which have now been utilized with 

the exception of a site suggested in the valley of Cherry Brook 

in Weston. This site, however, is near the village of Weston, 

and the construction of a reservoir in this locality is not now 

deemed practicable. 

Various other schemes for enlarging the water supply of 

Cambridge have been considered, including raising the level of 

Fresh Pond, raising the level of Stony Brook Reservoir, and 

finally the utilization of the water wasted below the Stony 

Brook Reservoir dam in the winter and spring months by 

pumping that water back to Hobbs Brook Reservoir in dry 

periods, since the latter reservoir has a storage capacity so 

large in proportion to its watershed that it will not fill in years 

of low rainfall at the present rate of water consumption. The 

plan of raising Fresh Pond was rejected by the consulting 

engineers in 1912 as of doubtful practicability within reasonable 

limits of cost. It was estimated at the same time that the 

raising of the dam of Stony Brook Reservoir 20 feet would 

give an increase in yield about equal to that which might be 

obtained by raising Fresh Pond 12 feet if that work could be 

completed successfully, and the capacity of the Stony Brook 

Reservoir if raised 20 feet would be increased from 354,000,000 

to 1,112,000,000 gallons. It was estimated that this scheme if 

adopted would increase the safe yield of all the sources of water 

supply of the city to 13,600,000 gallons per day, with allowance 

of 500,000 gallons a day for the probable loss of water by 

leakage past the Stony Brook dam. By the third plan con¬ 

sidered by the engineers, which provided for pumping back the 
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water wasting from Stony Brook Reservoir into Llobbs Brook 

in dry periods, it was estimated that the safe yield of the 

sources of supply could be increased to about the same quan¬ 

tity as would be obtained by raising the dam at Stony Brook 

Reservoir, and at about half the cost. 

The results of the studies of the consulting engineers of the 

city of Cambridge in 1912 show clearly that the safe yield of the 

present sources of water supply cannot be increased, unless at 

excessive cost, to more than about 13,600,000 gallons per day. 

The consumption of water in the city is already almost equal 

to the safe yield of the sources of supply as at present devel¬ 

oped, and at the present rate of increase the use of water in 

the city will reach the capacity of the works at their highest 

practicable development about the year 1928. In making this 

estimate, allowance has been made for the fact that the growth 

of Cambridge in the last ten years has been slow, and it is 

assumed that the growth will continue at about the same 

rate in the future. There is considerable uncertainty, however, 

about the probable growth of population in Cambridge on 

account of the fact that shortly before the war a subway 

was completed providing rapid transit from a large part of the 

city of Boston, which may encourage a more rapid growth of 

population in the immediate future. 

While nearly half of the service pipes in Cambridge are 

metered at the present time, and reliance is placed upon inspec¬ 

tion to prevent excessive use and waste of water from un¬ 

metered services, it is believed that the amount of water used 

could be reduced by the general adoption of the meter system. 

Considering the efforts to prevent waste, and the fact that there 

is a very large use of water in the city for industrial purposes, 

it is doubtful, however, whether any very material reduction 

would be made by the addition of meters to unmetered services, 

though the complete metering of the services of the city would 

no doubt effect a saving in the use of water. 

Much water used in the industries of Cambridge is obtained 

from private wells, but it is unlikely that the amount of 

water obtained in this way can be verv materiallv increased 

in the future, and in consequence the increase in the use of 

water for industrial purposes must come largely from the 
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public supply. It is possible, however, that water for some 

purposes can be taken from the Charles River Basin. 

The water supply of the city of Cambridge as drawn from 

Fresh Pond has been objectionable on account of organic 

growths and the tastes and odors resulting therefrom, and there 

has been a gradual increase in population on the watershed of 

Stony Brook which lies close to the Metropolitan District, 

and that watershed is likely to become more populous as time 

goes on. The city has recently undertaken the construction 

of filters, and it is expected that in future all the water sup¬ 

plied to the city will be treated by filters located near Fresh 

Pond. 

Various possible sources of further additional supply have 

been considered by the city, but the results indicate that no 

source is available which can supply water as economically as 

the Metropolitan Water District. There appears to be no 

doubt that the city of Cambridge must be supplied from the 

Metropolitan Water District with water to meet its require¬ 

ments beyond the capacity of the present sources fully devel¬ 

oped, probably within the next eight years. 

An additional supply could be furnished by the Metropolitan 

District under the provisions of chapter 422 of the Acts of the 

vear 1913, entitled “An Act relative to allowances to cities and 

towns in the Metropolitan Water District for water furnished 

from their own sources.” Under such an arrangement it is 

assumed that the present sources of supply could be continued 

in use for many years. 

Water Supply of the Town of Brookline. 

The water supply of the town of Brookline, like that of the 

city of Newton, is drawn from ground sources by means of 

galleries and tubular wells, which in this case are located on 

both sides of the Charles River in the neighborhood of Cow 

Bay, part of the works being in the West Roxbury district 

of the city of Boston and part within the limits of the town 

of Dedham. The works are all included within a water works 

reservation of some 295 acres, of which about 66 acres are on 

the West Roxbury side of the river. A filter gallery located 

near the northerlv bank of the river in West Roxburv was the 
«/ «/ 
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original source of water supply. In later years systems of 

tubular wells have been constructed on land lying south of the 

river between the high lands of Dedham Island and the south¬ 

erly boundary of the Newton water works reservation. More 

recently the supply has been supplemented with water pumped 

from Charles River to filter beds near the filter gallery, whence 

it filters through the ground into the gallery and wells. The 

mixed supply from the wells and filter gallery is subsequently 

filtered before being supplied to the town. 

The limitations as to the taking of water from Charles River 

by the town of Brookline are the same as those imposed by the 

Legislature in the case of the city of Newton, and reduce 

practically the quantity of water that may be drawn from either 

the ground or the river itself in dry periods to 5,000,000 

gallons per day. With allowance for periods of maximum 

draft, the practical limit of the amount of water that may be 

drawn from present works operated alone is about 3,750,000 

gallons per day in dry periods, but, as in the case of the 

city of Newton, a larger supply, probably in the neighborhood 

of 4,000,000 gallons per day, could be drawn from these 

works if the town should join the Metropolitan Water District 

under the provisions of chapter 422 of the Acts of the year 

1913. 

The quality of the water of the Brookline water supply has 

deteriorated gradually from various causes, including the 

growing population on the territory in the immediate neigh¬ 

borhood of the collecting works in West Roxbury and Dedham, 

and the increasing pollution of Charles River, from which a 

large part of the yield of these sources is undoubtedly derived. 

It became so objectionable on account of the presence of an 

excessive quantity of iron and manganese that filters were 

constructed some five years ago, and since that time all the 

water supplied to the town has been treated for the removal 

therefrom of the excess of iron and manganese, and filtered. 

The population of the town of Brookline has grown steadily 

and rapidly for many years, having increased from 12,103 in 

1890 to 37,748 in 1920. In that time the use of water has 

increased from 877,000 to 3,451,000 gallons per day, or nearly 

fourfold. Practically all of the water services in this town have 
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been metered for many years. The consumption per capita has 

usually been high, notwithstanding the fact that for many 

years all of the services have been metered, and there will 

probably continue to be a gradual increase in the consumption 

of water per capita in the future. With the continued growth 

of population and increase in the use of water, the consumption 

of water by the town is likely to exceed the safe yield of the 

sources of supply under the limitations of existing laws within 

the next five or six years. 

It is impracticable to extend further the limits of the present 

water works reservation, nor is it likely that further grants for 

water supply from the valley of the Charles River can be 

obtained by any of the municipalities now taking water in the 

lower part of its watershed, unless provision should be made 

for the construction of storage reservoirs in the watershed above 

to maintain the flow of the stream in dry periods. It is doubt¬ 

ful whether suitable reservoirs for this purpose can be con¬ 

structed in the Charles River watershed within a reasonable 

limit of cost, even if joint action on the part of all the munici¬ 

palities interested in the water supply from this river could be 

secured. 

Under the circumstances, it seems reasonable to assume that 

the town of Brookline will take advantage of the provisions 

of chapter 422 of the Acts of the year 1913, if a mutually 

satisfactory arrangement can be made, and thus obtain an 

additional water supply from the Metropolitan Water District. 

The town can then continue to use its present sources of supply 

to their full extent so long as their use is satisfactory. 

Water Supply of the City of Waltham. 

The water supply of the city of Waltham is taken from the 

ground by means of two large wells located on the northerly 

side of the Charles River in Waltham, —* the lower one about 

1| miles upstream from the Boston Manufacturing Com¬ 

pany’s dam at Moody Street in the heart of the city, and 

the other about three-fourths of a mile farther upstream. 

The lower well is located about 150 feet from the channel of 

the river which at this point is about 18 feet in depth. This 

well is 40 feet in diameter and contains normally 25 feet of 
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water, its bottom being below the bed of the river. The 

upper well, also on the north bank of the river, is located about 

300 feet from the river channel. The latter well is 30 feet in 

diameter and its bottom is about 33 feet below the average 

level of the water in the river. There is a large deposit of 

coarse sand and gravel along the northwesterly side of the 

river, beginning near the lower well and continuing upstream 

to the upper well and through the district known as Roberts 

along the easterly side of the Stony Brook Basin of the Cam¬ 

bridge water works. This water-bearing area is about three- 

fourths of a mile long and from one-fourth to one-half a mile 

in width. On the south side of the river there are additional 

areas containing porous soil of about the same extent, including 

the Crescent Park district in Waltham and also certain lands 

in the extreme northwesterly corner of Newton. The gravelly 

water-bearing areas occupy in all perhaps 300 acres, or about 

half a square mile of tributary area, including the area of the 

river bottom itself in the neighborhood of the wells. The city 

of Waltham owns or controls all of the land in the immediate 

vicinity of the wells and an extensive strip on the north bank 

of the river extending from the lower well for a considerable 

distance upstream. 

The city of Waltham has the right to take 5,000,000 gallons 

of water per day from the Charles River watershed, 3,000,000 

from the river direct or from the ground bordering the river, 

and the other 2,000,000 from the ground bordering the river. 

The supply obtained by these works, like that obtained by the 

city of Newton and much of the supply of the town of Brook¬ 

line, is derived in part no doubt from the rainfall upon the 

gravelly deposits in which the collecting works are located, 

and in part from the Charles River by filtration through the 

ground. In the critical winter of 1918 the daily draft rose to 

44 per cent above the average of that year. Judging from past 

experience, it is probable that the works are capable of a safe 

yield of between 2,500,000 and 3,000,000 gallons of water per 

day. It is possible that by extending the collecting works 

and building additional works near the outer rim of the area 

affected by pumping from the old well a larger quantity of 

water might be obtained, but it is exceedingly doubtful whether 
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the dry-weather flow of the river will long continue to meet the 

demands of all the manufactories and municipalities having a 

right to take water therefrom and allow for a greater average 

draft for the city of Waltham than from 3,500,000 to 4,000,000 

gallons per day. In estimating for the future, the possibility 

that the diversion of water from the Charles River at points in 

and above Waltham will increase materially must also be 

taken into account. In dry seasons the river is drawn to a low 

level in the neighborhood of Waltham, and measurements 

of the flow of the river at different points indicate that at 

times nearly all of the yield of that portion of the watershed 

between Newton Upper Falls and the Bleachery dam in Wal¬ 

tham is diverted from the river before it reaches the latter 

point. This diversion is doubtless caused in several ways, 

chief among which are the evaporation from large areas of 

water surface in mill ponds between Newton Upper Falls and 

the Bleachery, the removal of water by filtration through the 

ground into the water supply systems of Wellesley and Wal- 

tham, the diversion of water from the river for use in manu¬ 

factories whence it is discharged into the sewers, and finally 

the leakage of ground and surface water into the sewerage 

systems, which are very extensive in this part of the Charles 

River valley. 

The quality of the water of the old well, the original source 

of water supply, situated at the lower end of the water works 

reservation, is affected unfavorably, and in an increasing degree 

at the present time, by the presence of an excessive quantity 

of iron and manganese which make the water objectionable 

for many domestic uses, and if deterioration continues, as is 

probable unless the draft from this well is very greatly reduced, 

the water will soon become unfit for many water supply pur¬ 

poses. The quality of this water is unfavorably affected, also, 

by the large and growing population on the watershed of the 

well, by the municipal cemetery which immediately adjoins 

the land in which the lower collecting well is constructed, 

by the numerous mud and peat covered areas in the adjacent 

mill pond, and finally by the increasing pollution of the Charles 

River above the. wells from which a large part of the supply 

is no doubt derived by filtration through the ground. It 
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is only by reducing the draft from the lower well and main¬ 

taining the water at a much higher level than has been the 

case for many years hitherto that a supply of water unaffected 

by the presence of an excessive amount of iron can be obtained; 

and even if the draft should be greatly reduced, it is doubtful 

whether, after the excessive draft for so long a period, satis- 

factorv water could be obtained from that source without */ 
treatment and filtration. The water also contains considerable 

free carbonic acid which causes it to act on the metal of pipes 

and fixtures with which it comes in contact. 

The upper well furnishes water of much better quality than 

that of the lower well at the present time. The supply of the 

upper well is no doubt derived in part by filtration from the 

adjacent gravelly lands and in part by filtration from the river, 

but its yield is probably also maintained to a very considerable 

extent by leakage or filtration past the dam of the Stony Brook 

Reservoir of the Cambridge water works situated a short dis¬ 

tance above the well. When the water in the Stony Brook 

Reservoir is low the latter source of supply to the well is dimin¬ 

ished. 

The population of Waltham has doubled since 1886, and the 

quantity of water used has increased since 1890 from 626,000 

gallons per day to 1,960,000 gallons per day in 1920. The 

consumption of water at one time was much higher than at 

present, but the recent general introduction of meters, by which 

practically all of the services are metered, has materially 

reduced the use of water, though a part of this reduction is 

doubtless due to serious depression in industry. In estimating 

for the future, it has been assumed that the rate of growth 

of the city will be somewhat less than in the past, and that the 

increase in the use of water per person will be considerably less 

than in the last thirty years. It is probable that the effect 

of the introduction of meters has been fully obtained, and that 

within the next few years an increase in consumption of water 

per capita will again take place in common with experience 

elsewhere. If, as it is assumed, the city will go to the expense 

of purifying its water supply by the construction and mainte¬ 

nance of filters similar in a general way to those at Brookline, 
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Lowell, and elsewhere, it is probable that enough water can be 

obtained from present sources to last the city for the next ten 

to fifteen years. Without treatment the quality of the water 

of the lower well, which is already objectionable for many 

domestic uses, is likely to continue to grow worse. 

The Waltham water works reservation is not capable of 

further material extension, being limited in an easterly direc¬ 

tion by the thickly settled part of the city, and toward the 

west by the water works reservation of the city of Cambridge. 

It is also impracticable to extend the collecting works farther 

north materially beyond the limits of the present reservation, 

while to the south are populous districts in Waltham and 

Newton. In view of the cost of filtration works and of their 

maintenance, and considering the comparatively short period 

within which the sources of supply are likely to be adequate 

for the city, it is probable that a supply of water could be 

obtained from the Metropolitan Water District at less cost 

than by further development of the present works. 

It will probably be to the advantage of this city to join the 

Metropolitan Water District, Under the provisions of chapter 

422 of the Acts of the year 1913, and to continue to use the 

water of the upper well. It may also be possible to continue 

to use the lower well for a part of the supply, provided that 

by reducing the draft a wTater of satisfactory quality can be 

obtained from that source. If the lower well can be used 

without filtration the two wells might furnish 1,500,000 gallons 

per day of good water in a very dry period. If not, the upper 

well alone might furnish about 1,000,000 gallons per day if 

used in connection with the metropolitan water supply system. 

Water Supply of the City of Woburn. 

The water supply of the city of Woburn is taken from a 

large dug w^ell near the southerly shore of Horn Pond, and 

from tubular wells on the westerly side of the pond. Water 

is pumped from the pond into the old filter gallery about 73 

feet from the large well for the purpose of increasing the supply 

of ground water. The safe yield of these sources is insufficient 



128 v METROPOLITAN WATER SUPPLY. [Mar. 

for the requirements of the city in periods of drought at the 

present time. 

The question of an additional supply has been mentioned 

in reports of the water department for several years, but no 

action has been taken to secure a suitable additional supply. 

The high yields of watersheds of the past few years, due to 

the unusual rainfall, especially in the summer season, has 

enabled the city to continue to obtain an adequate water 

supply from present sources. Investigations made many years 

ago indicated clearly that the yield of the present sources of 

supply is derived very largely from Horn Pond by filtration 

through the ground to the wells, and the amount of water 

obtainable from the present sources is no doubt dependent to a 

very considerable extent upon the yield of Horn Pond and its 

watershed. The area of Horn Pond is 103 acres, and the area 

of the watershed, including the pond, is 7.44 square miles. 

With certain assumptions as to the storage capacity available 

in Horn Pond and in the porous ground around it, it is possible 

that by utilizing all of the wTater obtainable from the pond 

itself, together with the wells, ‘the safe yield of these sources 

might amount to about 2,400,000 gallons per day, assuming 

that the water obtained in this wav would be satisfactory for 

domestic purposes. Horn Pond, however, is exposed to pollu¬ 

tion from a large population on its watershed, and at times 

in the past has been grossly polluted by wastes from manu¬ 

facturing establishments. The water of the pond is too badly 

polluted at the present time for use with safety without thorough 

purification, and any proposition to develop a further supply 

from this watershed by filtering the water from Horn Pond 

would require a large outlay for the construction and mainte¬ 

nance of purification works. 

The population of Woburn has increased but little for many 

years, the increase in the last thirty years having been from 

13,499 to 16,574, but in that period the use of water has 

increased from 777,000 to 2,104,000 gallons per day. The 

city is quite thoroughly metered, but the consumption of water 

per capita is high, largely because large quantities of water 

are used in the industries of the city, chieflv tanneries and 

chemical works. As these industries are growing and the 
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establishments are increasing in number, there is little doubt 

that the use of water will increase materially in the future, 

depending more or less upon the general industrial prosperity. 

If the entire supply which could be obtained by filtering 

the polluted water of Horn Pond were used in connection 

with water from the filter gallery, large well and tubular wells, 

the increase in the safe capacity of present sources would 

hardly exceed by more than 15 per cent the consumption of 

water in 1920. It would be inadvisable for the city to attempt 

to secure an additional supply by the use of water from Horn 

Pond, since the cost of the works would be out of proportion 

to the amount of water that could be obtained thereby. A 

new supply is already needed for this city and should be pro¬ 

vided without delay. In all probability by far the least expen¬ 

sive method of securing a suitable water supply would be a 

connection with the Metropolitan Water District, under the 

provisions of chapter 422, Acts of the year 1913. 

The water obtained from the wells, while affected consider¬ 

ably by mineral matter due to the population in the neighbor¬ 

hood and to the pollution of Horn Pond from which this 

supply is largely derived, has always been safe for drinking, 

and, save for its hardness, of good quality for water supply 

purposes. The use of this water can probably be continued at 

least for some time in the future, and the wells can probably be 

relied upon to yield on an average about 1,500,000 gallons per 

day in dry periods, if used in connection with the metropolitan 

water supply. The sources are situated quite near the thickly 

populated part of the city, however, and it is doubtful whether 

the quality of the water can long be maintained in satisfactory 

condition for water supply purposes if the lands from which 

the supply is derived become considerably populated, or if 

further material deterioration occurs in the quality of the water 

of Horn Pond. 

Water Supply of the Town of Wellesley. 

The population of Wellesley in 1920 was 6,224, having 

about doubled since 1885. The town is the seat of Wellesley 

College and is largely residential, though it contains also a 

number of manufacturing establishments. The water supply 
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is obtained from a filter gallery, a large well at Williams Spring 

and tubular wells in the valley of Rosemary Brook, not far 

from the point where that stream enters Charles River. The 

water of the tubular wells, which were added to the other 

sources about 1898, is of good appearance, and though quite 

hard is in other respects of good quality for domestic use. 

The water of the well at Williams Spring is also of good ap¬ 

pearance, though much harder than that of the' tubular wells. 

Much of the water entering this well has been polluted, but 

subsequently well purified in passing through the ground before 

entering the well. The water of the filter gallery is similar to 

that of the other sources, being less hard than that of the 

Williams Spring. The waters of all the sources of supply show 

decided deterioration in the marked increase of mineral content 

in recent years derived probably from the growing population 

on the territory about the wells. 

The quantity of water obtainable from these sources of 

supply as at present developed has been found sufficient for the 

present requirements of the town* and it is possible that the 

yield of the works could be enlarged somewhat by the addition 

of other wells in this neighborhood farther up Rosemary Brook, 

but the region is becoming increasingly populated, and it is 

doubtful whether a supply of water of good quality can long be 

maintained in this locality. 

The quantity of water used for the supply of the town in 

1920 was 536,000 gallons per day, or 86 gallons per inhabitant, 

the use of water having more than doubled in twenty years, 

though practically all of the services have been metered for 

nearly thirty years. 

While thorough tests of the probable yield of these sources 

are lacking, the circumstances are such that it is doubtful if the 

works can be extended so that the supply will continue to be 

adequate and satisfactory for the requirements of the town for 

more than ten years, and it may prove insufficient or unsatis¬ 

factory at an earlier time. 

When an additional supply is required it will probably be 

necessary to take water from the Metropolitan Water District, 

though the present sources or a part of them may continue to 

be used so long as they furnish water of a good quality accept¬ 

able to the town. 
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Water Supply of the Town of Needham. 

The population of Needham in 1920 was 7,012. The town 

has had a steady growth and has about doubled in size in the 

last twenty-five years. It is largely a suburban town, though 

it contains a number of important manufacturing establish¬ 

ments. The average daily quantity of water used for the sup¬ 

ply of the town in 1920 was 450,000 gallons per day, amounting 

to about 64 gallons per inhabitant. Practically all of the serv¬ 

ices have been metered at all times during the past twenty 

years; nevertheless, the water consumption has doubled during 

that period. 

The sources of supply are two large wells in the south¬ 

easterly part of the town in the valley of a brook about 2,000 

feet from the Charles River. A basin holding some 9,000,000 

gallons, constructed on the stream in the valley of which the 

wells are located, assists in maintaining the water level in the 

ground near the wells. Nevertheless, in dry periods the quan¬ 

tity of water which these sources will yield is probably inade¬ 

quate for the present requirements of the town. The water 

of the present sources of supply is clear, colorless, and much 

lower in hardness than most of the ground water supplies ob¬ 

tained in the Charles River valley. The gathering ground of 

these works is located quite close to the thickly populated part 

of Needham, but the town owns a considerable area of land 

in the neighborhood of the wells for the protection of its sources 

of water supply, and it is probable that the water can be main¬ 

tained in its present condition for a number of years in the 

future. 

Recognizing the probable need of extending the collecting 

works in the future, the town several years ago purchased land 

near the banks of Charles River with a view to the construc¬ 

tion of additional wells for increasing the water supply when 

necessary. No extended test has yet been made to determine 

whether a suitable additional supply can be obtained within 

these lands or elsewhere within the limits of the town when a 

larger supply becomes necessary. 

A considerable area of land in the region bordering the 

Charles River on the northeasterly side of the town has been 

acquired by the city of Newton and by the town of Brookline, 
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and is used as a gathering ground for the water supplies of 

those municipalities. There are places along the Charles River, 

above the region in which the present wells are situated, 

where porous soil is found, and it is possible that a further 

additional supply can be obtained in this region when a larger 

quantity of water is required. Should the town continue to 

grow rapidly in the future, however, it is likely eventually to 

find it necessary to obtain a part of its supply from the Metro¬ 

politan Water District. 

Water Supply of the Town of Dedham. 

The population of Dedham in 1920 was 10,792. The popula¬ 

tion was reduced several years ago by the setting off of West- 

wood as an independent town, and, allowing for this change, 

the population of Dedham has doubled in about forty years. 

The town is the county seat of Norfolk County, and is largely 

residential, but contains a considerable manufacturing district. 

The water supply is furnished by the Dedham Water Com¬ 

pany and is derived from a group of wells, including three large 

wells and a group of tubular wells near by, all being located 

near the southerly bank of Charles River above and very close 

to the thickly settled portion of the town. The water is clear 

and colorless and of excellent appearance, and has always been 

of satisfactory quality for domestic use. It is quite hard and 

contains a considerable amount of mineral matter, a condition 

which is due, no doubt, to the population on the territory from 

which a large part of the supply is derived. The quantity of 

water used by the town in 1920 was 799,000 gallons per day, 

or 74 gallons for each inhabitant. About 95 per cent of the 

services are metered, and the introduction of meters has 

reduced considerably the consumption of water per capita, 

though the amount used still varies considerably, with varia¬ 

tions in the amount supplied for industrial uses. 

The quantity of water which the sources of water supply of 

the Dedham Water Company will yield in a dry period has not 

been definitely determined, but it is probable that their safe 

yield is not greatly in excess of the quantity of water used in 

1920. The water company has the right to take 1,500,000 

gallons per day from Charles River. No extended investiga- 
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tions have been made as to a possible extension of the supply 

when the consumption of water becomes equal to the capacity 

of the present sources. There are areas of porous soil adjacent 

to the river upstream from the wells, in regions which are as 

yet sparsely populated and from which it is possible that an 

additional supply of ground water might be obtained if these 

areas continue to remain available for a sufficient length of 

time. It is probable that the present sources can be supple¬ 

mented if necessary, so that they will be adequate for a number 

of years in the future unless the population and use of water 

should increase more rapidly than it now seems reasonable 

to expect. 

Water Supply of the Town of Winchester. 

Winchester contained in 1920 a population of 10,485, the 

population having doubled in about thirty years. It is a 

suburban town with comparatively little manufacturing, and 

the quantity of water used in 1920 was probably about 472,000 

gallons per day, or about 45 gallons per inhabitant. All of the 

services are metered. 

The present sources of water supply consist of three reser¬ 

voirs known as the North, South and Middle reservoirs, 

which are located in the high lands in the eastern part of the 

town near the western limits of the Middlesex Fells. From 

these reservoirs the water is supplied to the greater part of 

the town by gravity. The watersheds have an aggregate 

area of 1.25 square miles, of which 0.31 of a square mile is 

included in the surfaces of the reservoirs. The total storage 

capacity is 993,000,000 gallons, and the reservoirs are capable 

of storing so much water in proportion to their drainage area 

that practically the average yield of the watersheds over a 

long period of years can be obtained. This yield may amount 

to about 700,000 gallons per day, allowing for losses of water 

by leakage and evaporation, or approximately 50 per cent in 

excess of the present consumption of water in the town. If 

the town continues to grow about as in the past, the present 

sources of supply will be sufficient for the next ten years at 

least. 

The North Reservoir was built in 1873 and appears to have 

received no more preparation for the storage of water than the 



134 METROPOLITAN WATER SUPPLY. [Mar. 

clearing of the ground. When first examined by the State 

Department of Health, fourteen years after its completion, 

the water of this reservoir contained considerable organic 

matter, though it was low in color and generally of good 

quality for domestic uses. The quantity of organic matter has 

decreased in later years, but the water is affected occasionally 

by growths of organisms and the tastes and odors which result 

therefrom. 

The South Reservoir was completed about twenty-eight years 

ago. Like the North Reservoir, it received no more thorough 

preparation for the storage of water than the clearing of the 

land. In consequence, in the early years after its completion 

the water had a high color and contained usually a large 

amount of organic matter. The quality of the water since 

that time has improved gradually, and is now nearly colorless, 

while the quantity of organic matter is very low. 

The Middle Reservoir was formed by flooding an area known 

as Turkey Swamp, and, while its watershed is small, there is 

an overflow from the Middle Reservoir into the South Reser¬ 

voir. The water of the Middle Reservoir after its construction 

contained a very large quantity of organic matter for many 

years, and the color was high. The quality of this water also, 

however, has improved greatly, though the color is still from 

two to three times as great as that of the water of the other 

reservoirs. 

The watersheds of the Winchester reservoirs are uninhabited 

and are included in a public reservation. 

Water Supply of the Town of Wakefield. 

The population of Wakefield in 1920 was 13,025, the number 

of inhabitants having doubled in about thirty-five years. The 

consumption of water in 1920 was 620,000 gallons per day, 

or 48 gallons per inhabitant. All of the services have been 

metered since 1915. 

The water supply is drawn from Crystal Lake in Wakefield, 

which has an area of 85 acres, a drainage area of 0.9 of a 

square mile, and a storage capacity in the upper 10 feet of 

something over 200,000,000 gallons. The watershed contains 

a large population in proportion to its size, and the town has 
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been warned by the Department of Public Health that the 

water of Crystal Lake is unsafe for drinking. The water is at 

present treated with chlorine. The quantity of water which 

this source will yield amounts to about 750,000 gallons per day, 

and exceeded the consumption of water in 1920 by from 20 to 

25 per cent. If the town continues to grow as in the past, the 

consumption of water will equal the safe yield of the present 

sources in about five years. 

It has been proposed to take an additional water supply, 

when needed, from Lake Quannapowitt in Wakefield, one of 

the headwaters of the Saugus River. This lake receives all of 

the drainage of the thickly settled part of Reading, and the 

drainage from a part of the most populous area in Wakefield. 

A considerable amount of sewage pollution finds its way into 

the lake. The lake is shallow over a considerable portion of 

its area, has a muddy bottom, and contains an exceedingly 

productive and increasing growth of wTater weeds in summer. 

The water could be used for domestic water supply only after 

filtration, and the drawing down of the level of the lake, which 

would be necessary if it were used as a source of water supply 

for the town, might produce more objectionable conditions 

from organic growths and in other ways than those complained 

of up to the present time. The lake is used extensively as a 

place of public recreation, but if used as a source of water 

supply its availability as a place of recreation would be greatly 

restricted or cease altogether. It is probable that the town 

will find it necessary to obtain its water supply from the 

Metropolitan Water District within a few years. 

Water Supply of the City of Lynn and the Toivn of Saugus. 

The population of Lynn in 1920 was 99,148, and that of 

Saugus, 10,874, a total of 110,022. 

The population of Lynn and Saugus has nearly doubled in 

the last thirty years. The quantity of water used for the 

supply of these municipalities from the Lynn sources has 

increased in that time from 2,657,000 to 9,084,000 gallons per 

day. In 1920 64 per cent of the services were metered, and 

the consumption of water per capita at the present time is not 



136 METROPOLITAN WATER SUPPLY. [Mar. 

excessive, though meters are soon to be applied to the remain¬ 

ing services. 

A large part of the area of the city of Lynn is included in 

the public park known as the Lynn Woods, and is consequently 

not available for settlement. The population upon the area 

available for building within the limits of the eitv is already 

quite dense, and it is probable that the growth of the city will 

be less rapid in the future than in the past. The town of 

Saugus, on the other hand, is likely from its situation to con¬ 

tinue to grow rapidly. 

The water supply of the city of Lynn is obtained at the pres¬ 

ent time from storage reservoirs known as Breed’s, Birch, 

Walden and Hawkes ponds, and may be supplemented with 

water drawn during a part of each year from the Saugus and 

Ipswich rivers. The area, capacity, and area of direct tribu¬ 

tary watersheds of these sources are shown in the following 

table: — 

Area and Capacities of Sources of Water Supply of the City of Lynn. 

Source. 

Area 
of Water¬ 

shed (Square 
Miles). 

Area of 
Pond (Square 

Miles). 

Storage 
Capacity 
(Million 

Gallons). 

Ipswich River above point of diversion . 43.12 - - 

Saugus River above point of diversion . 10.58 - - 

Breed’s Pond. 1.07 .325 1,600 

Walden Pond. 1.75 .375 2,000 

Birch Pond. .128 381 

Hawkes Pond. .117 350 

Totals. .945 4,331 

As the watersheds of the reservoirs lie for the most part 

within the limits of the Lynn Woods, a public park, they con¬ 

tain as a rule few dwelling houses or other buildings. The 

watershed of the Saugus River, however, contains the densely 

populated section of the town of Reading and a large section 

of the more densely populated parts of Wakefield, and in con¬ 

sequence receives much pollution. 

The watershed of the Ipswich River, from which Lynn takes 

water at a point about a mile above the dam at South Middle- 
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ton, is not very densely populated at any point at the present 

time. There has been, however, a considerable growth of 

population within this watershed in Wilmington and Burling¬ 

ton, and as this watershed is not far from the Metropolitan 

District the population may be expected to increase in the 

future. 

The water of the Saugus River flows by gravity to Hawkes 

Pond, whence most of it is pumped to Walden Pond. The 

water of the Ipswich River is pumped into Walden Pond and 

thence diverted to Breed’s Pond, from which it flows to the 

main pumping station and is pumped thence for the supply of 

the city. The water of Birch Pond, which is supplied in part 

from Hawkes Pond, flows directly to the main pumping 

station. 

The rights of the city of Lynn in the Ipswich River authorize 

the taking of all the flow of that river at a point where it 

crosses the boundaries of Lvnnfield, North Reading and Mid¬ 

dleton in excess of 10,000,000 gallons per day, but only in the 

months from December to Mav, inclusive. 

The water of the Saugus River is very highly colored, and 

the chemical analyses show evidence of increasing pollution due 

to the population on its watershed. The water is considerably 

improved by storage in Hawkes Pond and a portion of the 

color is removed. This water is pumped into Walden Pond 

which also receives water from the Ipswich River during the 

winter and spring, the water of the latter source also being 

very highly colored, though much less objectionable in other 

respects than that of the Saugus River. The color of the water 

of Walden Pond averaged 0.47 on the scale of color in the five 

years which ended with 1920, while that of Breed’s Pond, into 

which this water is discharged, averaged 0.37 in that period. 

Birch Pond has a considerable population on its watershed, and 

though its color has been reduced in the five years ending 

with 1920, it has averaged during this period 0.22. The 

population on its watershed is a menace to the safety of this 

source of supply, but this pond now furnishes a comparatively 

small portion of the water supply of the city. 

Lender normal conditions, with the present rate of consump¬ 

tion of water, the water of the Saugus and Ipswich rivers has to 
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pass through a long period of storage before being delivered to 

consumers in the city. In consequence, the waters of these 

streams are improved in quality and their high color reduced. 

As the use of water from the storage reservoirs increases with 

the growth of the city, the period of storage in the reservoirs 

will diminish in length and the improvement in the quality of 

the water due to storage will diminish. Where polluted rivers 

form the main source of supply, as in this case, unless further 

means of protecting the purity of the water are to be provided, 

a sufficient amount of water must be kept in storage at all 

times to insure such improvement in the quality of the water 

as will prevent it from becoming unsafe for drinking or objec¬ 

tionable for other domestic uses. 

Assuming that it will require more than fifty years before 

the populations of the city of Lynn and the town of Saugus 

will become double what they are to-day, and that the con¬ 

sumption of water will continue to increase slowly within that 

time, the safe yield of all of the present sources of supply will 

probably be sufficient for the requirements of the city of Lynn 

and the town of Saugus for more than thirty years. If, instead 

of dependence upon long storage for the purification of the 

water, a system of filtration should be provided, a greater 

proportion of the storage in the reservoirs could be utilized and 

the sources of supply would be adequate for a longer time. 

If, on the other hand, on account of its objectionable quality 

and serious pollution, the use of Saugus River should be dis¬ 

continued, the length of time during which the supply would be 

adequate would be considerably reduced. Further development 

of the present watersheds or other watersheds adjacent to the 

water supplies of the city of Lynn is probably impracticable 

unless at a very large expense. 

Water Supply of the Town of Canton. 

The population of Canton in 1920 was 5,945. The town 

has grown very slowly in the past, having gained about 32 

per cent in population in the last forty years. Though formerly 

chiefly a manufacturing town, it is now also becoming largely 

a place of suburban residence. 
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The sources of supply are two large wells situated in the 

valley of Beaver Brook, the first located near Springdale, not 

far from the boundary line between Canton and Stoughton, 

and the second at Henry’s Spring, so called, about 1.5 miles 

farther up the valley. In addition to the large wells there are 

19 tubular wTells at Springdale which siphon into the large 

Springdale well. The well at Springdale furnishes water which 

is generally clear, nearly colorless, and of good quality for 

domestic use. The water of the wrell at Henry’s Spring is 

at times turbid and colored and affected by an excess of iron. 

The quantity of water used for the supply of the town in 1919 

was 439,000 gallons per day, or 75 gallons per inhabitant. 

The quantity used ten years earlier was 287,000 gallons, or 60 

gallons per inhabitant. More than 80 per cent of the services 

are metered. The quantity of wTater furnished by present 

sources has been found in past years to be barely adequate for 

the requirements of the town, and investigations as to an ad¬ 

ditional supply have failed thus far to discover any source 

capable of furnishing a large additional quantity of suitable 

water for the use of the town. The question of securing water 

in the future from the Metropolitan Water District has been 

under consideration by the authorities of the town. 

Water Supply of the Town of Braintree. 

The population of Braintree in 1920 was 10,580. The 

town is growing quite rapidly and has doubled in size in the 

last twenty-six years. The population is largely residential, 

though there are a number of factories within its limits, and 

on account of its situation it is likely to have a steady growth, 

both in manufacturing and as a place of residence. 

The water supply of the town is taken from Great Pond 

in Randolph and Braintree, which is also used as a source of 

water supply by the towns of Randolph and Holbrook, each 

town having the right to one-third of the supply from that 

source. Great Pond has an area at high wrater of 205 acres and 

a watershed of about 3.47 square miles, including the area of 

the pond, and, with certain assumptions as to its available 

storage capacity, its safe yield probably does not exceed 

1,500,000 gallons per day. The watershed of Great Pond con- 
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tains a large population in proportion to its area, and the 

source is not considered a safe one from which to take water 

directly for drinking. The water at times is highly colored 

and in its present condition objectionable in many respects 

for domestic use. 

The quantity of water used in the town of Braintree in 

1920 was 742,000 gallons per day, or 70 gallons per inhabitant. 

The amount used in 1913 was 545,000 gallons, or 62 gallons 

per inhabitant. During this period 92 per cent of the services 

have been metered. It will be noted that the quantity of 

water used by the town is already in excess of its share of the 

yield of Great Pond. There appears to be no source from 

which it is practicable to enlarge the water supply of Braintree 

at reasonable expense except by connection with the Metro¬ 

politan Water District, and it is understood that negotiations 

relative to securing a water supply from the district have 

already been begun. There is no doubt, under the existing 

conditions, that the most satisfactory method by which Brain¬ 

tree can obtain an adequate water supply of good quality is 

by joining the Metropolitan Water District. 

Water Supply of the Town of Weymouth. 

The population of Weymouth in 1920 was 15,057. The 

growth of the town for many years was very slow. Recently 

it has grown more rapidly, the increase having been about 

thirty per cent in the last fifteen years. The town contains 

a number of factories and a considerable summer population 

along the shore of Boston Harbor, and is likely from its location 

to have a steady growth in the future. 

The source of water supply is Great Pond, situated in the 

southerly part of the town. The pond has an area of 300 

acres, a drainage area of 2.5 square miles, and, with certain 

assumptions as to its storage capacity, its safe yield probably 

does not exceed 1,700,000 gallons per day. With the present 

rate of increase in the population and the use of water, the 

consumption of water in the town will equal the safe yield 

of Great Pond in about five years. There appears to be no 

other source of water supply in this region from which it is 

practicable to secure a satisfactory additional water supply for 
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Weymouth, and negotiations have already been begun by the 

town for the purpose of making connection with the Metro¬ 

politan Water District. 

The water of Great Pond is highly colored, and its character 

has changed but little since it was first used for water supply 

purposes. Probably the use of this source would be discon¬ 

tinued if a supply of water of better quality should be made 

available for the use of the inhabitants of the town at a reason¬ 

able cost. 

Water Supply of the Towns of Hingham and Hull. 

The towns of Hingham and Hull lie partly within the 

10-mile limit prescribed in the Metropolitan Water Supply Act 

of 1895, and may enter the Metropolitan Water District if 

they so elect. The population of Hingham in 1920 was 5,604, 

the population having increased somewhat less than 25 per 

cent in the previous thirty years. The town of Hull in 1920 

had a population of 1,771, having increased some 80 per cent 

in the last thirty years. Though containing only a very small 

number of permanent residents in 1920, this town is one of 

the largest summer resorts on the Massachusetts coast, con¬ 

taining many thousands of visitors during the months of July 

and August. The population of Hingham is almost wholly 

residential and is also increased during part of the year by 

summer residents, especially along the harbor shores. 

These towns are supplied with wTater by the Hingham Water 

Company, and it is estimated that during the year 1920 the 

average daily quantity of water used was about 676,000 

gallons. The sources of supply are Accord Pond in Hingham 

and Rockland, together with Fulling Mill Pond in Hingham, and 

a ground-water supply from wells and filters located near the 

latter pond, this last-named supply being supplemented with 

water drawn from Accord Brook and discharged upon the 

ground in the neighborhood of the collecting works. The 

area of the ponds and watersheds from which the supply is 

derived is shown in the following table: — 
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Area of 
Watershed, in¬ 
cluding Water 

Surface 
(Square Miles). 

Area of Pond 
(Square Miles). 

Approximate 
Capacity of 

Pond (Gallons). 

Accord Pond. .70 .15 482,424,000 

Fulling Mill Pond ...... .39 .02 - 

Accord Brook. 3.121 

1 Exclusive of Accord Pond watershed. 

The water supplied from Accord Pond is low in color and 

of good quality in all respects for domestic use. The water 

supplied from the ground-water collecting works is also natu¬ 

rally of good quality for domestic use. The region is a difficult 

one in which to obtain water of satisfactory quality for domestic 

purposes, but the present sources can probably be developed 

sufficiently to meet the requirements of these towns until their 

population becomes considerably greater than at the present 

time. 

Probable Requirements of Towns which are Outside the 

10-Mile Limit which may require a Supply from'the 

Metropolitan Water District. 

There are several towns which do not come within the 

10-mile limit specified in the Metropolitan Water Act but 

which may desire, for one reason or another, within a few years 

to obtain their water supply from the Metropolitan Water 

District, under the provisions of section 3 of the Metropolitan 

Water Act (chapter 488, Acts of 1895). These towns are the 

following: Weston, Reading, Norwood, Westwood, Randolph, 

Holbrook, Cohasset and Scituate. 

The aggregate population of these towns in 1920 was 36,796. 

The population has grown slowly, for the most part, though 

much more rapidly in recent years, and the conditions in some 

of these towns make a new or improved water supply a neces¬ 

sity of the immediate future. The conditions in each will 

here be briefly described. 
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Water Supply of the Town of Weston. 

The town of Weston — population in 1920, 2,282 — at 

present obtains its water supply from wells in Cherry Brook 

valley in that town, together with other wells near Stony 

Brook within the watershed from which the Cambridge water 

supply is drawn. It is possible that this town may at no dis¬ 

tant date desire to secure its water supply from the Metropoli¬ 

tan Water District, since the Weston Aqueduct passes through 

the town and the Weston Reservoir is situated within its limits, 

so that the town could readily be supplied from these sources 

if it should so desire. 

Water Supply of the Town of Reading. 

The population of Reading in 1920 was 7,439. The town is 

largely residential, though containing a number of factories. 

The water supply is obtained from a filter gallery and wells 

located near the Ipswich River in the northerly part of the 

town. The water as drawn from the ground is very objection¬ 

able for domestic uses on account of the presence of an exces¬ 

sive amount of iron, and for many years this water has been 

treated with chemicals and subsequently filtered before being 

supplied to consumers. The water as drawn from the ground 

has deteriorated greatly in quality since it was first used, due 

to an increasing pollution of the river above the wells and 

other causes, but this condition has improved somewhat re¬ 

cently, due in part to improvements in the watershed and 

no doubt in part to a higher rainfall. As delivered to con¬ 

sumers in 1920, the water was generally somewhat colored 

and slightly turbid. It also contained at times a large amount 

of iron and was very hard, so that even the treated water is 

still objectionable for many domestic uses. 

Extensive tests have failed to disclose a source from which a 

more desirable water supply can be obtained within the limits 

of the town. 

The quantity of water used in 1920 was 287,000 gallons per 

day, or 39 gallons per inhabitant. Over 90 per cent of the 

services have been metered for the last fifteen years, and the 

increase in the use of water per inhabitant in that time has 
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been on the average nearly a gallon per head per year. A 

sewerage system has recently been constructed, and it is prob¬ 

able that the use of water in the future will be greater than has 

been the case in the past. It is hardly probable that the town 

will long continue to use water of the character supplied from 

its present sources should a supply of water of better quality 

become available at a reasonable cost. 

Water Supply o/ the Town of Nonvood. 

The population of Norwood in 1920 was 12,627, or more 

than three times as great as in 1890. The rapid growth of the 

town is due to the location of several large industries within 

its limits within the past few years. The water supply was 

obtained originally from Buckmaster Pond in Westwood which 

was later supplemented with water from tubular wells in the 

valley of Purgatory Brook, a tributary of the Neponset River 

in the northeasterly part of the town. The water of Buck- 

master Pond is filtered in the summer season through an un¬ 

covered sand filter for the removal of objectionable taste and 

odor with which the water is sometimes affected, a condition 

due to the presence of numerous microscopic organisms at 

certain seasons of the year, the growth of which is no doubt 

fostered by a deposit of organic matter on the bottom of the 

pond. The water of the tubular wells has deteriorated greatly 

in quality, and the aggregate yield of all sources has recently 

become inadequate and is. now (1921) being supplemented by 

the introduction of water from an additional group of tubular 

wells on the northerly side of the valley of Purgatory Brook. 

The quantity of water used by the town in 1920 was 1,191,- 

000 gallons per day, or 94 gallons per inhabitant. Over 80 

per cent of the services are metered, but the quantity of water 

used has more than doubled in the last ten years. It is hardly 

likely that the present sources of supply will meet the needs of 

the town in a very dry year when its industries are operating 

at normal capacity, and a further additional supply will very 

soon be required. There are extensive deposits of porous ma¬ 

terial in the valley of the Neponset River which borders the 

town for a long distance, but the river is badly polluted, and 

it is doubtful whether a satisfactory additional water supply 
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can be obtained within the limits of the town. It is probable 

that when the next deficiency in the supply occurs the town 

will find it desirable to secure its water supply, if practicable, 

in part at least from the Metropolitan Water District. 

Water Supply of the Town of Westwood. 

This town lies between Dedham and Norwood and was set 

off from the town of Dedham a little more than twenty years 

ago. Its population in 1920 was 1,358, and the town is not 

yet provided with a public water supply, though water is dis¬ 

tributed from a private supply to a considerable number of 

dwelling houses in the easterly part of the town. There is 

little doubt that some provision will have to be made by the 

town for a general public water supply in the near future. The 

quantity of water which would be required in the beginning 

would not be large, and it is possible that enough might be 

obtained for a time from sources within the limits of the town. 

The population is likely to grow rapidly, however, and even¬ 

tually the town is likely to find it necessary to secure water 

either from the sources of one of its neighbors or from the 

Metropolitan Water District in case circumstances should make 

it practicable to obtain a supply from the latter source at a 

reasonable cost. 

Water Supply of the Towns of Randolph and Holbrook. 

The population of Randolph in 1920 was 4,756, and that 

of Holbrook, 3,161. Both towns have grown slowly though 

somewhat more rapidly in recent years than formerly. They 

obtain their water supply from Great Pond in Randolph and 

Braintree, which is used jointly by the three towns of Ran¬ 

dolph, Holbrook and Braintree. Randolph and Holbrook are 

supplied through the same general works, and used together, 

in 1919, 454,000 gallons per day, or 58 gallons per inhabitant. 

This quantity of water is less than half of that part of the yield 

of Great Pond to which Randolph and Holbrook are entitled 

under legislative acts, and, considering the slow growth of 

these towns, the safe yield of Great Pond is unlikely to be 

exhausted by their requirements alone for many years. As 
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already indicated in considering the water supply of Braintree, 

the watershed of Great Pond contains a large and growing 

population, especially in the immediate neighborhood of the 

pond, and the conditions are such that the water in its present 

state cannot be regarded as safe for drinking. Either an ex¬ 

tensive system of sewerage will have to be provided to main¬ 

tain proper sanitary conditions in this watershed, or the water 

will have to be filtered if this source is to continue in use. 

The expense of improving and maintaining the quality of the 

water will be large, and it is probable that if a suitable arrange¬ 

ment could be made for taking water from the Metropolitan 

Water District it would be to the advantage of the towns to 

take water from that source rather than incur the expense of 

filtration or the adequate protection of the purity of the water 

of Great Pond by other means. 

Water Supply of the Town of Cohasset. 

The population of Cohasset in 1920 was 2,639. The town 

is almost wholly residential and the permanent population has 

increased but little for many years, but there is a large increase 

in the summer season which does not appear in census enumera¬ 

tions. In consequence, the town uses for several months in 

summer a much larger quantity of water than is required for 

the remainder of the year. 

The water supply is furnished at the present time by the 

Cohasset Water Company from several distinct sources. Part 

of it is purified by filtration, as in the case of Reading, in order 

to remove the excessive quantity of iron which it contains 

before it is delivered to consumers. Another source is situated 

so close to the town that the quality of the water is affected 

somewhat by the population on the territory from which the 

wells derive their supply, but the water continues to be clear 

and colorless and safe for drinking. If the towns of Hingham 

and Hull should join the Metropolitan Water District it might 

be more economical and satisfactory for the town of Cohasset 

at some future time to obtain its water supply from the same 

source. At the present time the sources of water supply of 

this town are adequate to meet all probable requirements for a 

long time in the future. 
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Water Supply of the Town of Scituate. 

The population of Scituate in 1920 was 2,534. The town is 

similar to Cohasset, the permanent population having increased 

but little for man^* years, though the summer population is 

large. The water supply is furnished by the Scituate Water 

Company from both ground and surface sources, the latter 

being derived from a very sparsely settled watershed. The 

surface water is satisfactory except for its color and is filtered 

before delivery to consumers. The town is adjacent to Cohas¬ 

set, and if metropolitan water should become available to 

Hingham and Hull a supply from the Metropolitan Water 

District might be found more economical and desirable for 

Scituate, also, than the continued use of present sources. The 

present sources of supply can be developed to furnish enough 

water for the needs of the town for a long time in the future 

unless it should grow more rapidly than in the past. 

Water Supply of the Toivn of Marblehead. 

The population of Marblehead, according to the census of 

1920, was 7,324. The population of the town has changed 

but little for many years. In 1920 the total quantity of water 

used was 635,000 gallons per day, or 87 gallons per person, 

and 47 per cent of the services were metered. About 37 per 

cent of the services were metered in 1910, when the consump¬ 

tion of water was 79 gallons per head, and the total quantity 

used was 577,000 gallons per day. The increase in the total 

consumption of water since that time has amounted to 58,000 

gallons per day, or about 10 per cent. While the town has 

grown but little in many years, it has a large summer popula¬ 

tion, and the quantity of water used in the summer season is 

much greater than in other seasons of the year. 

The water supply of Marblehead is taken partly from the 

ground near Forest River in Salem, and partly from Thompson’s 

Meadow Brook, about one mile west of the ground-water 

supply. Of the wells located in the valley of Forest River, 

one is situated close to the river, which was formerly a tidal 

stream, and is affected by salt water if the quantity drawn 

exceeds a limited amount. The second well is situated farther 
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east in the bed of a small pond which has been drained and 

is sunk through about 20 feet of mud into gravel. The water 

from this well has always contained an excessive amount of 

iron, and in order to improve its quality a filter was built 

several years ago. The water of this well, which is the chief 

reliance of the town, has since been filtered and discharged 

into the lower well and thence pumped to consumers. The 

water of Thompson’s Meadow Brook is used, after filtration, 

whenever the flow in that stream is adequate for the purpose, 

and this water is mixed with that of the well near Forest River. 

There are wide variations from time to time in the mineral 

content of the water of the wells, and, in consequence, there is 

a great variation in the character of the water supplied to 

consumers. At times the water is clear and colorless, blit 

there are times when it is highly colored and occasionally 

slightly turbid. The most objectionable feature is probably 

the hardness which, though occasionally as low as 3.5 parts in 

100,000, rises also at times to 10 parts, and averages from 6 

to 7 parts in 100,000. 

In view of the fact that the town grows but little, it is prob¬ 

able that the present sources of supply can be used indefinitely 

in the future. Considering the very poor quality of the water 

in many respects, it is not unlikely that the town will eventu¬ 

ally desire to secure a water supply of better quality, either 

from Lynn or Salem, or from the Metropolitan Water District, 

since it lies adjacent to the town of Swampscott which is 

supplied from the district works. 

Adequacy of Present Sources to meet the Requirements 

NOT ONLY OF THE METROPOLITAN WATER DISTRICT BUT 

also of Adjacent or Near-by Municipalities. 

An investigation of the water supplies of the various munici¬ 

palities which are not members of the Metropolitan Water 

District, but are either within the 10-mile limit or adjacent to 

the municipalities included therein, shows that in many cases 

the consumption of water has already reached or has closely 

approached the safe yield of existing sources of water supply. 

In other cases, while the capacity of the sources is likely to be 

adequate for ten to fifteen years or more, the water is deterio- 



1922.] HOUSE —No. 1550. 149 

rating in quality and cannot be used much longer without 

purification. The delay of many of these municipalities in 

making provision for adequate enlargement or improvement 

of their water supplies is probably largely due to conditions 

brought about by the war, but it is doubtful whether provision 

for additional water supply would have been so long delayed, 

in the case of some of these municipalities, at least, were it 

not for the fact that an additional supply can readily be ob¬ 

tained from the Metropolitan Water District should an emer¬ 

gency arise. Thus the various adjacent municipalities not 

members of the district are for the present practically secure 

in the means of obtaining an ample additional water supply 

at comparatively short notice in case of emergency without 

incurring any other expense than the cost of any water that 

they may purchase from the district. 

That the Metropolitan Water District can be relied upon to 

relieve such emergencies has been true, no doubt, up to the 

present time, but will not continue to be true unless the 

district enlarges its sources of supply in season to meet ade¬ 

quately its own requirements. If the municipalities in the 

neighborhood of the district continue to grow as in the past, it 

is probable that a majority of the population which they con¬ 

tain will have to be supplied with water in part, at least, from 

the Metropolitan Water District within the next ten years. 

Of these cities and towns it is probable that Brookline, 

Cambridge, Wakefield and Woburn will find it necessary to 

take water from the district within the next few years, and in 

all likelihood the towns of Braintree, Weymouth, Canton, 

Needham, Wellesley and perhaps others also will find it to their 

advantage to obtain their supplies, in part at least, from the 

Metropolitan Water District at no distant time. The city of 

Waltham also can probably secure a part of its supply from the 

district at less expense than would be necessary for the purifi¬ 

cation of the water of the lower well which is affected by an 

excess of iron. 

Outside the 10-mile limit, but adjacent to the municipalities 

included therein, are several places which are likely to seek 

their supplies from the district, Norwood and Reading espe¬ 

cially at an early date, and others at a more remote time. 



150 METROPOLITAN WATER SUPPLY. [Mar. 

Changes will occur, of course, which cannot now be foreseen, 

and municipalities which appear to be capable of supplying 

themselves from their own sources for many years may find 

these sources inadequate or unsatisfactory, while the supplies 

of others may be continued in use for a longer time than is 

now anticipated. Much will depend upon the prosperity of 

the Metropolitan District and its growth in population and 

industry. If, instead of the large number of separate and 

independent municipalities which are now collected in Boston 

and its neighborhood, a federation of some sort should be 

adopted whereby the Metropolitan District would be re¬ 

corded in census records as a single community, it is probable 

that there would be a marked acceleration in its growth, as 

was the case in New York, Chicago, and other cities when 

similar groups of municipalities were united. The merging of 

the cities and towns need not be complete and might be 

only for certain general purposes, but, judging from experience 

in other cases, if recorded for any purpose as one community, 

an acceleration in growth would follow and local sources would 

be depleted at an earlier time. But assuming, as in the esti¬ 

mates presented, that the rate of growth in population will 

diminish in the future as compared with the past, the situa¬ 

tion of the Metropolitan Water District and of the neighboring 

municipalities with regard to water supply is such that in all 

probability it will prove to be to the best interests of all con¬ 

cerned that the local supplies shall, so far as practicable, be 

continued in use, for the present at least, even though a part 

of the supply in some cases would be taken from the metro¬ 

politan works. 

The quantity of water which may be required from the 

metropolitan water works to supplement the local sources will 

depend upon the extent to which the latter can be developed, 

upon the length of time that the quality of the water remains 

satisfactory, and upon the extent to which it is found practica¬ 

ble to filter inferior waters and continue to use them. Making 

allowance for the full practicable development of present sources, 

and the continued use of those local sources which are likely to 

furnish water of satisfactory quality, the following table has been 

prepared showing the probable requirements of the Metropoli- 
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tan Water District and of the various adjacent or near-by 

cities and towns which are likely to need water therefrom 

within the next ten years (i.e., about 1930), and the probable 

deficiency in the quantity of water required if no new sources 

are provided: — 

Million Gallons per Day. 

1920. 1925. 1930. 1935. 

Safe yield of sources of Metropolitan Water District 158.0 158.0 158.0 157.0 
plus Newton. 

Safe yield of sources of near-by cities and towns, which 22.8 22.8 22.8 22.8 
can probably be retained in use. 

Total •• ••••••• 180.8 180.8 180.8 179.8 

Requirements of Metropolitan Water District and 131.0 145.0 168.5 193.1 
Newton 

Requirements of near-by cities and towns 24.6 28.3 32.3 36.3 

Total. 155.6 173.3 200.8 229.4 

Excess of safe yield over requirements of district alone 27.0 13.0 - - 

Deficiency. - - 10.5 36.1 

Excess of safe yield over requirements, including near- 25.2 7.5 _ 
by cities and towns. 

Deficiency. - - 20.0 49.6 

Safe yield of present sources which can be retained in 200.1 200.1 200.1 199.1 
use, with Worcester added. 

Total requirements, with Worcester added 172.1 192.5 222.9 254.6 

Excess of safe yield over requirements, with Worcester 28.0 7.6 
added. 
Deficiency. - - 22.8 55.5 

It will be seen from the foregoing table that, while the con¬ 

sumption of water in the Metropolitan Water District is likely 

to reach the safe yield of the present sources of water supply 

within about six or eight years at the probable rate of increase in 

the population and consumption of water, that limit may be 

reached at an earlier time if water should be supplied to a 

number of the adjacent municipalities which are likely within 

a few years to join the district or take water therefrom. This 

deficiency for the Metropolitan District alone may amount by 

1930 to about 10,000,000 gallons per day, while with the addi¬ 

tion of the municipalities which are likely to require an addi¬ 

tional supply from the district before that time the deficiency 

in that year may reach 20,000,000 gallons per day. The re¬ 

quirements of the district alone, as at present constituted, are 
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likely to exceed by from 30,000,000 to 35,000,000 gallons the yield 

of present sources by 1935, and by over 80,000,000 gallons ten 

years later, and if other municipalities should be added, as will 

inevitably be the case, these amounts may be exceeded. 

PART III. NEW SOURCES FOR METROPOLITAN DISTRICT. 

Reconsideration of Sources rejected in 1895. 

The investigations of the State Board of Health with refer¬ 

ence to a metropolitan water supply in the years 1893-95 

included consideration of all the sources which at that time 

could be regarded as available for the water supply of a pro¬ 

posed Metropolitan District, and included not only the sources 

situated within the limits of the State of Massachusetts but also 

Lake Winnipesaukee in New Hampshire and Sebago Lake in 

Maine. In its report to the Legislature in 1895 the Board 

presented a summary of the results of its investigations of the 

various sources, together with its recommendations and plans 

for a water supply for the Metropolitan District designed not 

only to meet the requirements of the years immediately follow¬ 

ing, but capable, also, of development to supply a much greater 

population as need might arise. 

In the quarter of a century or more that has elapsed since 

the previous investigations were made, many changes have 

occurred in the uses of the rivers and other waters of the State, 

and of New England generally, which affect their availability 

as sources of water supply. The population has grown rapidly 

in the cities and larger towns and has diminished in areas 

devoted largely to agriculture, and there has been a great in¬ 

crease in manufacturing industry, including those industries 

which use large quantities of water in manufacturing processes. 

The demand for water from public water supply systems for 

manufacturing and mechanical uses has grown, and the use 

of water for domestic purposes has also increased, as the multi¬ 

plication of water fixtures clearly indicates. The quantity of 

water drawn from public supplies throughout the metropolitan 

area has nearly doubled, notwithstanding the general introduc¬ 

tion of meters, and the rate of increase in the use of water 

promises to become more rapid than in the past. In conse- 
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quenee, the capacity of many possible sources of water supply 

which seemed large when compared with the requirements of an 

earlier time bear a much smaller ratio to the requirements of 

the present day. There has been a shortage of fuel and an 

increase in its cost, resulting in the higher development of 

water power facilities, and, in consequence, in an increase in 

their value, with a corresponding increase in the cost of damages 

where water is diverted from streams used for water power. 

At the same time, the growth of population and industry has 

increased the quantities of sewage and industrial wastes re¬ 

quiring disposal, and, while works for treating such wastes 

are common as compared with conditions at the time of the 

earlier investigation, it still remains a fact that much of the 

liquid waste from human life and industry in Massachusetts 

finds its way directly or ultimately into the rivers or other 

inland waters, with more or less effective treatment in some 

cases, but commonly with none at all. Under these con¬ 

ditions the diversion of water from a given watershed may 

affect in a much more marked degree than was the case 

twenty-five years or more ago the conditions in the valley of 

the river below. How far such considerations make it desirable 

to modify the plans presented to the Legislature in 1895 will 

be indicated in considering the available sources of supply. 

The report of the State Board of Health for 1895 includes a 

list of the sources of water supply then considered, and states 

that after a thorough review of all of the sources which had 

been suggested or which the Board could discover, it had 

selected three which seemed worthy of critical examination, — 

Lake Winnipesaukee in New Hampshire, the Merrimack River 

above Lowell, and the Nashua River above Clinton. 

Investigations for a w'ater supply for the city of Boston 

and the municipalities about it have been made from time to 

time in the last one hundred years. Few of the sources con- 

sidered in earlier years are worthy of note at the present time, 

but those mentioned in the investigations of 1893-95 and re¬ 

jected at that time have been given such further consideration 

as has seemed necessary under present conditions. 

The more important sources to be considered in this part of 

the report are (1) the Charles River, (2) the Shawsheen River, 
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(3) the Ipswich River, (4) Assawompsett and other ponds 

in Lakeville, (5) Sebago Lake in Maine, (6) Lake W innipesau- 

kee in New Hampshire, and (7) the Merrimack River above 

Lowell. 

The Charles River. 

The drainage area of the Charles River at the Boston Manu¬ 

facturing Company’s dam in Waltham, about a mile below the 

lower well of the Waltham water works, is about 248 square 

miles, but the rights granted to the proprietors of mills on 

Mother Brook in Dedham in 1798, to divert one-third of the 

flow of the river at that point via Mother Brook to the Nepon- 

set River, are such that practically all the flow from 66.2 

square miles is diverted, and the effective watershed at the 

before-mentioned point in Waltham is really only about 182 

square miles. Until the metropolitan water supply was estab¬ 

lished Watertown and Belmont obtained water from collecting 

works alongside the Charles River about a quarter of a mile 

below the Waltham line, but the water became poor in quality 

and inadequate in quantity, and the works were abandoned in 

1898, when these towns joined the Metropolitan Water District. 

At the present time 17 cities and towns obtain their water 

supplies from the Charles River watershed. The population 

of these municipalities and the quantity of water used in each 

in 1895 and 1920, so far as information is available, are shown 

in the following table: — 

Supply 
intro¬ 
duced. 

Municipality. 

Population supplied. 
Consumption in 

Gallons per Day. 

1895. 1920. 1895. 1920. 

1873 Waltham . 20,876 30,915 1,222,000 1,960,000 
1856 Cambridge 81,643 109,694 6,074,000 11,435,000 
1874 Lincoln . 1,111 1,042 144,5001 221,000 
1896 Weston - 2,282 - 159,000 
1884 Wellesley 4,229 6,224 175,000 536,000 
1876 Newton . 27,590 46,054 1,801,000 3,687,000 
1890 Needham 3,511 7,012 139,000 450,000 
1875 Brookline . 16,164 37,748 1,318,000 3,451,000 
1881 Dedham . 7,211 10,792 419,000 799,000 
1891 Holliston 2,718 2,707 79,000 119,000 
1891 Millis 1,006 1,485 33,2001 61,000 
1889 Medfield . 1,872 1.9002 56.0001 76.0001 
1911 Medway . 2,913 2,956 90,3001 122,000 
1881 Milford and Hopedale 10,336 16,248 527,000 987,000 
1884 Franklin . 5,136 6,497 201,000 513,000 
1908 Wrentham - 2,808 - 89,000 

Totals • • • 186,316 286,364 12,279,000 24,665,000 

1 Estimated. 2 Omitting asylum population. 



1922.] HOUSE — No. 1550. 155 

It appears from the above table that, while the population 

of the municipalities supplied with water from this watershed 

has increased 54 per cent in the last twenty-five years, the 

quantity of water consumed has increased 101 per cent. More¬ 

over, of the 24,665,000 gallons of water consumed daily in the 

municipalities supplied with water from the Charles River val¬ 

ley in 1920, about 22,000,000 gallons were delivered to munic¬ 

ipalities in which the sewers have outlets outside the Charles 

River drainage area, and the quantity of water diverted from 

the watershed is further augmented by leakage into the sewers. 

A new main branch of the metropolitan sewerage system ex¬ 

tending through the valley from West Roxbury to Wellesley, 

just completed, will divert a large additional quantity of water 

from this drainage area. 

The flow of the river in the lower part of its course, espe¬ 

cially below Newton Upper Falls, has been very low in past 

dry seasons, and in the period 1910-11 such measurements as 

are available indicate that the quantity of water actually 

diminished during the drier part of the year as the river 

flowed toward its outlet after passing Newton Upper Falls. 

The diversion of water from the Charles River watershed has 

been greatly increased since the last dry period, and if a 

reservoir should now be constructed in this watershed with a 

view to using the water of the upper part of the watershed for 

water supply purposes, a large part of the water would have 

to be allowed to flow past the dam in order to maintain satis¬ 

factory conditions in the river below, to furnish water for in¬ 

dustrial uses, and especially to prevent diminishing the yield of 

the sources of water supply in the valley of the river below the 

reservoir. 

Below Watertown is the Charles River Basin formed by the 

building of a dam at the site of the old Craigie bridge in 1910. 

As the water in this part of the river is kept at a constant 

level, and as it is desirable to maintain a fresh water basin in 

this populous district near the mouth of the river, it would 

seem that the amount of water already abstracted from the 

drainage area of the river above has about reached the point 

where little more, if any, can be diverted in periods of mini¬ 

mum flow without danger of causing objectionable conditions. 

The Charles River was carefully examined in 1874 with a 
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view to its use as a source of water supply for the city of Bos¬ 

ton. In the course of that investigation sites were found for 

two large storage reservoirs and surveys made to determine the 

probable area and capacity of each and the amount of water 

that might be obtained therefrom. One of these reservoir 

sites was located above Newton L^pper Falls where, by the 

construction of a dam not far from the present Newton wTater 

works pumping station, a reservoir could be formed which 

would flow a great area consisting largely of meadows and 

swamps extending along the river in Newdon, Needham, West 

Roxbury, Dedham, and beyond, an area which now contains 

the water supplies of Brookline, Newton and Dedham, and is 

surrounded by a rapidly growing population. The construction 

of such a reservoir would obviously be impracticable at the 

present time. 

The other and more favorable site is located farther up the 

river where a reservoir could be formed by a dam near South 

Natick which would flood an area of 4,000 or 5,000 acres, 

extending many miles upstream to the neighborhood of Med¬ 

way. About 50 per cent of the area which would be covered 

with water by such a reservoir would be swamp and meadow- 

land, including the Medfield meadows, so called, and unless 

this area were properly prepared for the purpose the reservoir 

would not only furnish water of very poor quality, but would 

no doubt be a serious nuisance to the villages and dwelling 

houses along its banks at times when the bottom was exposed 

by drawing down the water, and possibly, also, from large 

aquatic growths, which have become very objectionable in 

shallow ponds and reservoirs with muddy bottoms in populous 

districts. The river above this proposed reservoir receives 

much pollution from the towms on its watershed, which would 

render the condition of the reservoir more objectionable than 

might otherwise be the case. The area of the watershed 

tributary to a reservoir in this location would be about 156.3 

square miles, and the area of the basin itself, according to 

available surveys, about 6.1 square miles if the water level 

were raised 15 feet, and 7.94 square miles if the "water were 

raised 21 feet. The reservoir would hold about 9,000,000,000 

gallons with an average depth of about 9 feet, or 18,000,- 
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000,000 gallons at a 12-foot depth, and might furnish a safe 

yield of from 63,000,000 to 93,000,000 gallons per day, de¬ 

pending upon the height of the dam. 

All the conditions point to the conclusion that the amount 

of water which would be available to the Metropolitan Water 

District from a storage reservoir above South Natick after de- 

. ducting all necessary allowances, including losses from evapora¬ 

tion, would be much less than the estimated safe yield. The 

cost of the reservoir, together with the cost of properly purify¬ 

ing the water and conveying it to the district, would unques¬ 

tionably be excessive in view of the quantity likely to be 

obtained. 

The proposition to develop this river as a water supply for 

the city of Boston was rejected for excellent reasons nearly 

fifty years ago, and these reasons have more force at the present 

time. The plan appears so obviously impracticable that a 

study of it in detail has seemed an unnecessary expense. 

The Shaw sheen River. 

The Shawsheen River was examined with reference to its 

use as a source of water supply for the city of Boston in 1874 

and again in 1886-87, when surveys were made for possible 

reservoir sites in this valley. The results of these investigations 

indicated that this source could possibly be developed to yield 

about 20,000,000 gallons per day, but great objection was made 

to the taking of water from this river for water supply purposes, 

and the scheme was finally rejected by the Legislature in 1886. 

The water is highly colored, of poor quality for domestic use, 

and the reservoir sites, which are largely swamps, would require 

extensive preparation if they were to be used for water supply 

purposes at the present time in a region which contains a con¬ 

siderable and growing population. The quantity of water ob¬ 

tainable from this source at its highest practicable development 

would not add more than about 12 per cent to the safe yield 

of the present sources of the Metropolitan Water District. 

In the case of this stream, as in that of the Charles River, a 

large quantity of water would have to be discharged below the 

lowest dam to maintain satisfactory conditions in the river, and 
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the cost of the development of a supply of water of satisfactory 

quality, considering the small quantity of water obtainable, 

would be excessive. 

The Ipsivich River. 

The Ipswich River and its tributaries are now used as 

sources of water supply by the cities of Lynn, Peabody, Salem 

and Beverly, and by the towns of Danvers, Saugus, Reading 

and Middleton. If used for the Metropolitan Water District in 

addition to the municipalities which now take water from it, or 

are likely to require water from this watershed in the future, 

there might be a small quantity of water remaining for the use 

of the Metropolitan Water District for a short time, but the 

large and rapidly growing municipalities in the part of the State 

in which it lies require that this watershed should be developed 

for their uses alone, and this source should be kept for that 

purpose. 

Assawompsett and Other Ponds in Lakeville. 

These ponds were considered as possible sources of water * 

supply for the district in 1895, but they are already in use 

and are so obviously required for the population of south¬ 

eastern Massachusetts that they cannot now be considered as 

available for the use of the Metropolitan Water District. 

Sebago Lake. 

Sebago Lake in Maine is more than 100 miles from the State 

House in Boston, and lies at an elevation of 251, or about 10 

feet lower than that of the Sudbury Reservoir. The cost of 

works for bringing this water to Boston would be much greater 

than for bringing water from Lake Winnipesaukee, and the 

latter source would have far greater advantages for the purpose 

if it should be deemed necessary to go outside of the State in 

order to obtain an additional water supply for the Metropolitan 

Water District. 

La ke Winnipesaukee. 

A thorough investigation as to the possible use of Lake 

Winnipesaukee for the water supply of the Metropolitan Water 

District was made by the State Board of Health in 1893-95, 

but this source was not recommended owing to its location 



1922.] HOUSE — No. 1550. 159 

outside the State and the excessive cost of obtaining water 

therefrom. 

The difficulties in the way of obtaining a water supply for the 

Metropolitan District from Lake Winnipesaukee without doubt 

would be even greater to-day. The taking of the storage of 

that lake for water supply purposes would diminish the flow of 

the Merrimack River and diminish materially the water power 

of the State of New Hampshire as well as that of Massachusetts. 

That such a proposition would be assented to, together with 

authority to enforce proper police protection of the lake by the 

State of New Hampshire, is too improbable to warrant further 

consideration of that source of water supply at the present 

time. 

The Merrimack River. 

Investigations were also made in 1895 with reference to the 

use of the water of the Merrimack River above Lowell for the 

water supply of the then proposed Metropolitan Water District, 

and the results are presented in considerable detail in the report 

of that year. The Merrimack River above Lowell drains a 

net area of about 3,979 square miles, and above Lawrence 

about 4,452 square miles, and if diverted at either place would 

furnish an almost inexhaustible water supply for the Metro¬ 

politan Water District. The larger of the municipalities in that 

part of the drainage area which lies above the city of Lowell, 

with their population in Lhiited States census years from 1880 

to 1920, are shown in the following table: — 

Population, 1880-1920. 

18S0. 1890. 1900. 1910. 1920. 

New Hampshire: 
Franklin. 
Laconia. 
Concord. 
Manchester .... 
Nashua. 

3,265 
3,790 

13,843 
32,630 
13,397 

4,085 
6,143 

17,004 
44,126 
19,311 

5,846 
8,042 

19,632 
56,987 
23,898 

6,132 
10,183 
21,497 
70,063 
28,005 

6,318 
10,897 
22,167 
78,384 
28,379 

Totals .... 66,925 90,669 114,405 133,880 146,145 

Massachusetts: 
Leominster .... 
Fitchburg .... 

5,772 
12,429 

7,269 
22,037 

12,392 
31,531 

17,580 
37,826 

19,744 
41,029 

Totals .... 
Grand totals 

t 

18,201 
85,126 

29,306 
119,975 

43,923 
158,328 

55,406 
189,286 

60,773 
206,918 
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Raw sewage is discharged directly into the river or its 

tributaries without any treatment whatsoever from most of 

the municipalities along its banks except Fitchburg, where the 

greater part of the sewage is treated at purification wTorks before 

its discharge into one of the tributaries of the Merrimack. 

The river and its tributary streams are also polluted by manu¬ 

facturing wastes from numerous factories and mills in the towns 

and villages in this populous manufacturing valley. Water 

taken from the Merrimack River above Lawrence is used for 

the water supply of that city at the present time after filtration 

and sterilization, and there is no doubt that the water of this 

river could be used for the water supply of the Metropolitan 

District if necessary, provided it were properly filtered. The 

most favorable point at which to take water for the Metro¬ 

politan District would probably be above the dam at Lowell, 

where the pollution of the stream is less than would be the 

case if taken below that city. 

Plans of works for utilizing water from this source for the 

supply of the Metropolitan Water District made in 1895 pro¬ 

vided for the construction of 32 acres of filters in the beginning, 

and for gradually increasing the area from time to time as 

might be required. The total first cost of the works, exclusive 

of damages for diversion of water, was estimated at that time 

at 814,839,000, and the cost of operating the filters and pump¬ 

ing stations, together with damages for the diversion of water, 

capitalized at 5 per cent, for 65,000,000 gallons per day, was 

estimated at $2,624,000, making the total estimated cost of 

these works at that time $17,463,000, an amount about 8 per 

cent less than the estimated cost of the construction of the 

works for taking water from the Nashua River finally adopted 

by the Legislature in 1895. 

At the time of the earlier investigation it was proposed to 

pump the water from the Merrimack River to filters to be 

located at Wilmington, and to pump the filtered water thence 

to the distributing system of the Metropolitan Water District. 

A modification of this plan would no doubt be found desirable 

at the present time, since objection might be made to the dis¬ 

posal of polluted wash water within the watershed of the 

Ipswich River, which is now used as a source of water supply 
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by cities and towns below the location of the proposed filters. 

The filters might be located in the neighborhood of the Merri¬ 

mack River, but this might involve a considerable additional 

cost as compared with the Wilmington site, unless suitable mate¬ 

rials for filter construction are available in the neighborhood of 

the Merrimack, as is the case at Wilmington. 

The use of filtered water of a character such as that obtain¬ 

able from the Merrimack River might make necessary the con¬ 

struction of covered reservoirs in connection with the distribut¬ 

ing system. Otherwise organisms which cause objectionable 

tastes and odors might grow in the filtered water when exposed 

to light, as in the case of the open distributing reservoir at 

Lawrence, though complaint from this cause has occurred on 

only a few occasions. Both the first cost and the maintenance 

of works for filtering the water of the Merrimack River would 

be greater to-day than in 1895 on account of the higher 

cost of fuel and labor and of the materials and machinery 

required for the construction of pumping stations, power units, 

filters, and their appurtenances. But a most important item 

of cost of a water supply from the Merrimack River which 

would be much greater to-day than in 1895 would be the dam¬ 

age to the mill powers at Lowell and Lawrence. It would be 

possible for a few years, when the quantity of water required 

would be comparatively small, to draw water from the river 

only in the winter and spring when the flow is in excess of that 

used for power, and to supply the district during the remainder 

of the year from the present sources. But it would soon be 

necessary at times to divert an additional quantity, and a draft 

would be made upon that part of the flow of the stream which 

would otherwise be used for power. As the amount of water 

required would constantly increase, the available water power 

at Lowell and Lawrence would be gradually diminished. This 

loss of power might be prevented by constructing storage 

reservoirs on the river above the point of diversion, and using 

them by drawing their waters into the river and subsequently 

withdrawing them near Lowell or Lawrence. But there are no 

practicable sites for suitable reservoirs of adequate size in 

Massachusetts, and the construction of such reservoirs by the 

Metropolitan Water District within the limits of the State 
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of New Hampshire would be impracticable. The use of the 

Merrimack River would sooner or later reduce materially the 

quantity of water available for power in this important stream. 

A further important item to be considered in connection 

with the diversion of water from the Merrimack River, which 

was less evident at the time of the earlier investigation, is 

the probable necessity of the construction of works for main¬ 

taining proper sanitary conditions in the valley of the Merri¬ 

mack River below the point of diversion. Already in dry 

periods there has been complaint of the insanitary condition 

of the Merrimack River at points below Lawrence, and with 

the growth of population and industry in the Merrimack River 

vallev it is certain that the diversion of some, at least, of the 

pollution of this stream, or the treatment of a part of the 

sewage and waste which are now discharged into the river, 

will become necessary at no distant time. If the Metropolitan 

District should now divert a considerable percentage of the 

dry weather flow of the river above Lowell, the objectionable 

conditions in the river below would become more acute, and a 

part at least of the cost of improving the sanitary conditions 

in the river below would doubtless be considered chargeable 

to the Metropolitan Water District. 

The taking of water from the Merrimack River for the water 

supply of the Metropolitan Water District would not only 

reduce materially the water power of the State available for 

industrial uses, but would also involve the installation of power 

plants for pumping the water required by the district, and the 

use of an ever-increasing quantity of fuel for the purpose, or the 

purchase of power which would otherwise be available for other 

uses. 

But most important of all, the taking of water from the 

Merrimack River would supply the Metropolitan Water District 

from a polluted source which is gradually and surely growing 

worse. The objections to this scheme in 1895 were summed up 

by the chief engineer of the Board at that time, as follows: — 

Of these two plans, I have no hesitation in recommending the one for 

taking water from the Nashua River, mainly because I believe that the 
small advantage which the Merrimack River plan has in regard to cost 
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does not outweigh the disadvantage of taking a wrater which requires 

purification to make it suitable for drinking. Even if it were admitted 

that sand filtration with scientifically constructed filters and intelligent 

management will entirely remove disease germs from water, there is still 

the chance in the administration of a work of this kind that the prepara¬ 

tion may be unscientific and the management unintelligent, which may 

cause the water to be either imperfectly purified by filtration, or, by acci¬ 

dent, carelessness or the necessity of maintaining the supply, sent to the 
Metropolitan District without any filtration whatever. There is another 

objection to the Merrimack scheme which I regard as of importance, —- 

that there is a greater danger that the supply may be interrupted through 

some accident at the pumping stations or filter beds, or by a temporary 

failure of the supply of coal or of skilled labor required to operate the 

works. ... 

The objections to the use of this river as a source of water 

supply are far more serious in all respects than was the case 

twenty-five years ago. The population on the watershed above 

is increasing, and the water is becoming more polluted from 

year to year, entailing greater care and cost in the operation of 

filters in order to insure its proper purification, and involving- 

greater danger of interruption in the efficient operation of the 

works. 

It is unreasonable to incur the possible danger of injury to 

the public health which the use of this supply would involve, 

from an unexpected inadequacy of the filters or inefficiency in 

their operation, so long as it is practicable to obtain an ample 

water supply for the district from unpolluted sources. 

Other Watersheds. 

The Upper Mystic Lake, formerly used for the water supply 

of a part of the city of Boston and adjacent municipalities, 

w'as abandoned when the metropolitan water supply was intro¬ 

duced. The water is unfit for domestic use. 

The Neponset River is too badly polluted for use as a water 

supply, though some of its tributaries near their headwaters 

are capable of furnishing small supplies of water for local 

uses. 

The Taunton River is too badly polluted for use as a source 

of water supply, and the same is true of a number of its tribu- 
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taries, though in a few cases the tributaries are not seriously 

polluted at the present time. It is not advisable, however, 

that water be diverted from the Taunton River or other sources 

in this region, since the available supplies are limited and should 

be retained for the use of the municipalities in that part of the 

State. 
The Blackstone River is too badly polluted for use as a source 

of water supply. 
The Concord River flows through extensive meadows in a 

wide flat valley for nearly its entire length from the junction 

of the Assabet and Sudbury rivers in Concord to North Billerica 

not far from its mouth. There is no practicable site for a stor¬ 

age reservoir at any point on this stream at which a consider¬ 

able supply of water could be developed. 

The North Branch of the Nashua River, like the Blackstone, 

is too badly polluted for use as a source of water supply, and 

the same is true of the main stream of the Nashua River below 

the junction of the North and South branches. The only 

tributary of considerable size, the Squannacook River, would 

furnish comparatively little water in proportion to the cost of 

its development for use as a source of additional water supply 

for the Metropolitan Water District. 

Investigation of Sources recommended in 1895. 

The plans for a metropolitan water supply submitted to the 

Legislature in 1895 by the State Board of Health provided for 

the immediate taking of the South Branch of the Nashua River 

for use in connection with the Sudbury and Cochituate supplies 

of the city of Boston which were to be taken over for the pur¬ 

pose. But the Board’s plan provided not only for the immedi¬ 

ate needs of the proposed district, but for future extension of 

the works as the needs of the district might require, first to the 

Assabet, Mare and Swift rivers, and subsequently, as further 

needs might appear, to the Deerfield and Westfield rivers which 

drain large areas in the Green Mountains and the easterlv 

slopes of the Berkshire Hills west of the Connecticut River. 

rI his scheme was promptly adopted by the Legislature of 

1895, and the immediate construction of the Wachusett Reser- 
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voir was undertaken, together with the completion of the Sud¬ 

bury Reservoir (begun by the city of Boston) and the construc¬ 

tion of the necessary aqueducts and other appurtenances of the 

present metropolitan water supply system which has so admir¬ 

ably served the requirements of the Metropolitan Water Dis¬ 

trict for nearly a quarter of a century. 

When the present investigation was begun under the direction 

of the Legislature of 1919, the plans presented by the State 

Board of Health to the Legislature of 1895 were taken up imme¬ 

diately for further consideration. Included among the plans 

prepared for the 1895 report were plans for additional storage 

reservoirs, one to be located in the valley of the Ware River 

near Coldbrook in the towns of Barre and Oakham, and the 

other in the valley of the Swift River above West Ware, 

together with an outline of possible diversions of tributaries of 

the Assabet River into the then proposed Wachusett Aque¬ 

duct. 

The surveys made in 1895 for possible reservoirs in the 

Ware and Swift river valleys, while somewhat general, were 

considered sufficiently accurate for use as a basis for additional 

surveys and plans for the present investigation. 

In the present investigation the possible locations for dams 

and reservoirs have been surveyed and reconnoitered with the 

advice of geologists of experience in such investigations, and the 

favorable sites have been examined by the aid of borings to 

determine the depth to rock and its character, as well as that 

of the overlying material, so that at least in the case of the 

sites chosen for an estimate of cost for this preliminary report 

enough data have been secured to establish a provisional profile 

of ledge rock at the most critical points in the cross sections of 

the valleys. Cultural surveys have also been made of the areas 

which might be flowed for reservoir purposes to determine the 

number of buildings, the character of the soil, and the extent 

of the use of land for various purposes. Aqueduct lines have 

been reconnoitered and surveys have been made of aqueduct 

locations where necessary and practicable with the funds 

available. At the same time, information has been collected 

as to the rainfall in these watersheds, the flow of the rivers and 

the probable yield of reservoirs which might be built within 
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these drainage areas, and the probable effect of the diversion 

of water therefrom upon the industrial and other uses of the 

rivers below the proposed points of diversion of their wmters. 

The Assabet River. 

In the report of 1895, relative to a metropolitan water supply, 

certain tributaries of the Assabet River are mentioned as the 

first probable extension of the metropolitan water supply sys¬ 

tem when an additional supply should become necessary. 

The Assabet River watershed lies between that of the Sud¬ 

bury on the east and the Nashua on the west, and drains a total 

area of 176.8 square miles above its junction with the Sudbury 

River at Concord. Its drainage area at various points is given 

in the following table: — 
Square Miles. 

Assabet below Westborough sewage filtration area . . . . 8.0 

Assabet below Hudson.73.3 
Assabet below Maynard.115.6 

Assabet at mouth.176.8 

Investigations made in connection with the report of 1895 

upon a metropolitan water supply indicated that the waters 

of several streams in the upper part of the Assabet River 

watershed, through which the Wachusett Aqueduct passes in 

its course to the Sudbury Reservoir, could be utilized for sup¬ 

plementing the metropolitan water supply by diverting them into 

the aqueduct through some six separate connections. In the 

report of the chief engineer it is stated that a total drainage 

area of about 34.4 square miles could in this way be diverted 

into the aqueduct and thence into the Sudbury Reservoir, and 

the available yield of the metropolitan sources thus increased 

about 28,000,000 gallons per day at a comparatively small cost. 

This scheme has been carefully reconsidered to determine the 

amount of water that it is practicable to obtain from this 

source at the present time, and whether it is an advantageous 

one to use as an additional water supply for the Metropolitan 

Water District. The streams which might be diverted from 

this watershed into the Wachusett Aqueduct, together with the 

watershed of each, are shown in the following table: — 
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Subdivisions of Upper Assabet River Watershed. 

Watershed. Area (Square 
Miles). 

North branch of brook above West Berlin. 

South branch of brook above West Berlin. 

Brook northeast of Barnes Hill. 

Brook northeast of Mt. Pisgah. 

Brook south of Sulphur Hill. 

Howard Brook. 

Cold Harbor Brook.. 

Hop Brook. 

Total area which could be made tributary to the Wachusett Aqueduct 

Bummet Brook. 

Upper Assabet River. 

Total area from which water could be conveyed by new aqueduct to Sud¬ 
bury Reservoir. 

Total area possible of diversion. 

2.85 

4.52 

.75 

.52 

.77 

1.61 

6.511 * * * * * 

4.37 

1.47 

7.52 

21.90 

8.99 

30.89 

C 

1 The water supply of the town of Northborough is drawn from 2.42 square miles in this area. 

There has been no material change in the character of the 

water of most of these tributaries since 1895. Their water¬ 

sheds are for the most part sparsely populated, and water of 

good quality for water supply purposes can be obtained from 

them at the present time. One of these streams, howrever, 

is used as a source of w7ater supply by the towTn of North- 

borough. The watershed of another, which drains an area 

along the Boston & Albany Railroad above West borough, 

has become much more populous than wras the case twenty-five 

years ago, and furthermore, the sew7age disposal works of the 

town of Westborough are located in the valley just below7 a 

suitable point of taking. If the flow7 of this tributary w7ere 

to be diverted as proposed, little wrater wmuld be left in the 

stream during the drier part of the year to dilute the effluent 

from those w7orks. There has been much litigation already 

over the condition of the river below7 this sew7age disposal 

works, and under the circumstances the diversion of water 

from this tributary at the present time seems inadvisable. 
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Omitting the latter area and another small one which would 

necessarily be grouped with it, but without allowing for the di¬ 

version of water from one of these areas by the town of North- 

borough, the total net watershed remaining is 21.9 square miles. 

Even if all of the water practicable should be diverted from this 

area for the use of the Metropolitan Water District the addi¬ 

tional safe vield thereby obtained would not exceed 17,000,000 

gallons per day. It is inadvisable, however, to divert the 

water of these streams at the present time because of the con¬ 

ditions in the valley of the Assabet River below the points of 

diversion. 

The Assabet River valley below the areas drained by these 

streams contains several large towns in which are located im¬ 

portant factories and mills some of which use large quantities 

of water in their processes. One of these establishments, the 

woolen mills at Maynard, uses at times the entire dry weather 

flow of the river for such purposes. Furthermore, in addition 

to the effluent of the sewage disposal works of the town of 

Westborough, that of the town of Hudson is also discharged 

into the stream, and similar disposal is made of the effluent 

from a sewage disposal works in the town of Maynard which 

enters a tributary below that town. The river has been the 

source of much complaint in past years on account of pollution 

by sewage and manufacturing waste, and considerable litigation 

has resulted therefrom. Its condition finally became so objec¬ 

tionable that the Legislature passed a stringent law designed 

to prevent further objectionable pollution. The conditions 

now existing in the valley are such that if the flow of the 

river were diminished by the diversion of all the water from 

the areas indicated during the drier part of the year, the 

condition of the stream would no doubt become more ob¬ 

jectionable. 

Under the circumstances it is difficult to estimate the prob¬ 

able damage and expense which might result from the taking 

of the entire flow of these streams in addition to the cost of 

damage to water power alone. That the expense would be 

large there would seem to be no question. But it is not at all 

probable that so complete a taking would or should be au¬ 

thorized at the present time. The Legislature in the past has 
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limited the taking of water from rivers for water supply uses by 

requiring that a part of the water shall be allowed to flow past 

the point of taking, and these limitations have apparently been 

increasing. In authorizing the taking of water from the Sud¬ 

bury River by the city of Boston in 1872 the law required that 

an amount of water equivalent to 20,000 gallons per square 

mile per day should be allowed to run in the river below the 

lowest dam, and in the case of the taking of the South Branch 

of the Nashua River in 1895, provision was made for a maxi¬ 

mum discharge of about 29,000 gallons per square mile per day. 

In the case of the takings of water from the Ipswich River by 

the various municipalities authorized to take water from that 

stream, beginning in 1902 and especially later in 1913, reserva¬ 

tions were made which provided that no water at all should be 

diverted from that river at any time between the months of 

June and November, inclusive, and that water should be taken 

in the remaining months only at times when the flow exceeds 

a certain specified quantity amounting in the different cases 

approximately to from 200,000 to 230,000 gallons per square 

mile per day, or, in the latter case, to about 0.35 of a cubic 

foot per second per square mile. 

The conditions in the valley of the Assabet River below 

the proposed points of taking are quite different from those in 

the valley of the Ipswich River below the authorized points of 

taking on that stream. While the watershed of the Assabet 

River contains large towns and important industries, the water¬ 

shed of the Ipswich River, on the other hand, contains few 

manufacturing establishments of any kind, and, excepting at the 

mouth of the stream where it enters the sea, no considerable 

town. Moreover, the quantity of sewage or industrial waste 

which finds its way into this river above Ipswich is com¬ 

paratively insignificant. While sewage and manufacturing 

waste can be so treated that the resulting effluents may not 

create offence when discharged into a stream, they will still 

contain more or less matter which, unless well diluted, may so 

affect the character of the water that, though perhaps inoffen¬ 

sive, it may be objectionable for certain uses below. 

The advisability, as a general policy, of limiting the amount 

of water that may be diverted from the rivers of the State 
t/ 
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so as to prevent serious diminution of their flow, especially at 

times when the flow is small, will hardly be questioned at the 

present time. 

With conditions as they now are, if water is to be taken from 

streams in the Assabet watershed as proposed, the taking should 

be a limited one. 

If authority were obtained to take all of the flow of these 

streams in excess of .35 of a cubic foot per second per square 

mile of watershed, or about 225,000 gallons per square mile per 

day, without other limit as to quantity or time of diversion, 

the safe yield obtainable from the use of these streams in the 

Assabet River watershed would be about 11,000,000 gallons 

per day. If the taking should be limited to flows in excess of 

1.2 cubic feet per second per square mile, or about 775,000 

gallons per square mile per day, the safe yield obtainable from 

these tributaries of the Assabet River would be about 7,000,000 

gallons per day. The latter limit of taking will be suggested 

later in the case of other rivers where conditions are similar. 

If a taking of all the flows in excess of .35 of a cubic foot per 

second per square mile should be allowed, the quantity of water 

thus obtained would be sufficient for the needs of the district 

for about three years after the capacity of the present sources 

had been reached. If the taking is confined to flows in excess 

of 1.2 cubic feet per second per square mile, the additional 

quantity of water would meet the requirements of the district 

for about two years after the safe yield of the present sources 

had been reached. 

Considering the fact that a very much larger supply must 

be provided within so short a time to meet the needs of the 

district and of the other municipalities which may be supplied 

therefrom, there is no probability that any considerable saving 

in the cost of an additional water supply for the district can be 

effected by a permanent taking of water from these tributaries 

of the Assabet River under the conditions existing at the pres¬ 

ent time. Since, however, most of the streams in this part of 

the Assabet River watershed can be diverted readily and 

quickly into the W achusett Aqueduct by gravity, they could 

probably be used temporarily in case of an emergency under 

the provisions of chapter 40, section 40, of the General Laws. 
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The Upper Ware River. 

The watershed of the Ware River lies adjacent to that of 

the Nashua River on the west, but while the Nashua River 

flows northeast to join the Merrimack at Nashua, and its waters 

finally discharge into the Atlantic Ocean at Newburyport, the 

Ware River flows southwest to the Chicopee, one of the main 

tributaries of the Connecticut River, and its waters eventually 

find their way into Long Island Sound. 

The practicability of using water from the Ware River to 

supplement the Nashua River and the metropolitan water 

supply system was quite thoroughly considered and reported 

upon by the State Board of Health in 1895. A favorable site 

for a reservoir was found on the Ware River at Coldbrook in 

the towns of Barre and Oakham. Such a reservoir would have 

an area of 1,035 acres and a drainage area of about 100 square 

miles. 

The surveys of this proposed reservoir made in 1895 have 

been considered suitable for present purposes so far as they go, 

and these surveys have been supplemented by further studies 

of railroad and highway locations and of possible sites for a 

dam. It has not been practicable to make borings to deter¬ 

mine the actual subsurface conditions at the proposed location 

for a dam, nor has such a further study been deemed necessary 

in connection with this preliminary investigation. 

Conditions in 1895 compared with those to-day. 

The conditions in the valley of the Ware River above Cold- 

brook remain practically the same as at the time the previous 

report was made. The population on the watershed, which 

was equivalent to about 32 persons per square mile at that 

time, is probably somewhat less to-day, and no material changes 

have occurred in other respects which would affect the quality 

of the water. 

There are no large towns or villages in the watershed and 

no large industries producing wastes likely to pollute the 

streams, and none are likely to be established there. 

Aside from its color, which averaged .56 on the scale of color 

in 1921, the water is naturally excellent for water supply uses. 
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The objection due to color is not a serious one under the cir¬ 

cumstances, as it is probable that it could be reduced by the 

drainage of swamps on the watershed, and in any case would 

probably largely if not wholly disappear in the reservoirs 

through which the water would pass before reaching consumers 

in the Metropolitan Water District, even though no reservoir 

were constructed in the Ware River watershed. 

Diversion by Tunnel to Wachusett Reservoir. 

In the report of 1895 it was proposed to divert the water 

from a reservoir at Coldbrook in this watershed into the Wachu¬ 

sett Reservoir by gravity through a comparatively high level 

tunnel about 9 miles long. It was also indicated that by 

placing the tunnel at a lower level the tunnel would be about 

13^ miles long and could be extended subsequently to the 

Swift River when a further additional water supply should be¬ 

come necessary. It was estimated that the additional quantity 

of water obtainable from the Ware River with the proposed 

reservoir would be 71,000,000 gallons per day. 

Undoubtedly the most appropriate plan of increasing the 

water supply of the Metropolitan Water District at the present 

time will be to take water from the Ware River above Cold- 

brook into the Wachusett Reservoir. If the whole flow of the 

river above Coldbrook were taken as proposed in 1895, the 

additional supply thus obtained would be sufficient for the dis¬ 

trict alone for about fifteen years after the consumption of 

water reaches the safe yield of the present works, which will 

probably be about 1928 to 1930. But if the municipalities 

which now seem likely to require water from the metropolitan 

sources within the next few years are included, the supply 

obtained in this way would probably not be sufficient to 

meet all requirements for a much longer period than about 

twelve years after the consumption of water equals the safe 

yield of present sources. A further extension would then 

become necessary, and in that case the most desirable source 

from which to take a further supply would be the Swift 

River. In order to take water from the Swift River into 

the Wachusett Reservoir by gravity it would be necessary to 

provide a longer tunnel at a lower level than if water were to 



1922.] HOUSE — No. 1550. 173 

be taken from the Ware River onlv, as has already been sue:- 

gested. A tunnel at the higher level would be shorter and 

cheaper, but if the tunnel were constructed at the higher level 

it would be useful for a comparatively short time only, since, 

when it should become necessary to take an additional supply 

from the Swift River, it would be essential, in order to obtain 

a gravity supply, to duplicate later at a lower level that part 

of the tunnel from the Wachusett Reservoir to the Ware 

River. Even allowing that the cost of such work might be 

much less in the future, it would be more economical, in 

view of the probable growth of the Metropolitan Water 

District, to construct the tunnel at the lower level in the 

beginning. 

By taking the entire flow of the Ware River so far as possible 

through a tunnel to Wachusett Reservoir, it would be practi¬ 

cable to obtain a large additional water supply for the Metro¬ 

politan Water District, and to postpone for several years the 

construction of the proposed reservoir at Coldbrook. With a 

tunnel of the size which it would be desirable to construct, 

having in view the probable need of future extension, nearly as 

great an increase in the yield of the sources of the Metropolitan 

Water District could be obtained without building the reservoir 

as would be obtained if the proposed reservoir were constructed. 

But the taking of the entire flow of the river would involve 

greater damages than when proposed in 1895. 

Limitation of Diversion to the Higher Flows. 

Along the course of the Ware River, between Coldbrook and 

the confluence of the Ware River with the Swift and Quaboag 

rivers at Three Rivers, there are important manufacturing 

establishments, including woolen and paper mills, which use 

large quantities of water in manufacturing processes and which 

also discharge large quantities of manufacturing waste. At 

Ware, the principal town in the valley, the river is polluted not 

only by manufacturing wastes, but by the sewage of the town, 

which is discharged directly into the stream. The diversion 

of practically the entire flow of water from the Ware River 

above Coldbrook would reduce greatly the dry weather flow of 

the river at points below Coldbrook. 
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It is very difficult to estimate the probable extent of the 

damages that might result from the taking of the entire flow 

of the Ware River above Coldbrook in addition to the damage 

to water power alone. That the damages would be large there 

would seem to be no question. Such a taking would diminish 

by half the flow of the river at a point not far above its mouth, 

and in increasing proportion from point to point up the stream, 

while in the vicinity of the dam there would be little or no flow 

at all after the full supply came to be required by the district, 

except such amounts as might be wasted at times of high 

freshets, usually in the early spring. 

The statements made with reference to the diversion of water 

from the Assabet River apply to the Ware River as well, and if 

large costs and damages are to be avoided, injury to the pros¬ 

perity of the valley prevented, and a satisfactory condition of 

the river maintained, it will be necessary to limit the amount 

of water that may be diverted from the river. 

As will be shown later, it will be practicable, by building 

a reservoir on the Swift River, to combine the flow of several 

rivers including the Ware, and obtain a very large additional 

supply for the Metropolitan Water District by limiting the 

diversion of water from any river to the flows in excess of 1.2 

cubic feet per second per square mile of watershed. With this 

limit of diversion the amount of water which could be diverted 

from the Ware River for use in connection with the Wachusett 

Reservoir alone would be about 33,000,000 gallons per day in a 

dry period. Later on, after the completion of the proposed 

tunnel to the Swift River, the amount of water which could be 

diverted from the Ware River under the same taking would be 

increased to 47,000,000 gallons per day, since the extension of 

the tunnel would make it practicable to store a part of the 

water in the Swift River Reservoir which would otherwise run 

to waste so long as only the lower, or Ware-Wachusett, end 

of the tunnel was built. 

By limiting the taking of water from the Ware River water¬ 

shed to flows in excess of 1.2 cubic feet per second per square 

mile, the amount obtainable would be less of course than if 

the entire flow of the stream were taken, or if a lower limit 

than 1.2 cubic feet per second per square mile were established; 
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but it would probably make no great difference to the Metro¬ 

politan District in the cost of its water supply whether it 

were authorized to take all of the flow of the Ware River 

above Coldbrook or were limited to a taking of flows in excess 

of 1.2 cubic feet per second per square mile. In the former 

case the damages would be much larger than in the case of 

taking only the higher flows, but in the latter case it would 

be necessary to extend the works to the Swift River at a some¬ 

what earlier date, and the difference in cost probably would 

not be material. On the other hand, the difference in the 

amount of water diverted would be an important one to the 

inhabitants of the Ware River valley, since under the higher 

taking no water would be diverted from the river except at 

times when the flow exceeded about 775,000 gallons per 

square mile per day, which is about 80 per cent of the average 

flow of the stream, while the flow in freshets with their ob¬ 

jectionable features would be very greatly reduced. 

Under favorable circumstances the construction of the pro¬ 

posed reservoir at Coldbrook might postpone for a few years 

the time when it would be necessary to construct the Swift 

River Reservoir and the tunnel thereto, dependent upon the 

yield of watersheds in the period when its construction would 

be completed and upon the rate of increase in the consumption 

of 'water in the Metropolitan District and in such other munici¬ 

palities as may be dependent thereon for water at that time. 

The cost of the construction of the proposed reservoir would 

probably at least equal the saving in interest that would be 

effected by postponing the extension of the tunnel to the 

Swift River, and it might exceed that amount. On the whole, 

the value of this proposed reservoir after the completion of 

the works to the Swift River would be slight, and its con¬ 

struction now seems inadvisable. 

In conclusion, as already stated, undoubtedly the most 

appropriate method of increasing the water supply of the 

Metropolitan Water District, and the first step toward securing 

an additional supply, is the construction of the aqueduct as 

far as Coldbrook, which will make possible the diversion of 

the higher flows of the Ware River above that point into the 

Wachusett Reservoir. 
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The Lower Ware River. 

The Lower Ware River, mentioned in the report of the 

State Board of Health of 1895, is that part of the Ware River 

which lies between Coldbrook and Gilbertville, and which has 

a watershed of about 50 square miles at a convenient point of 

diversion above the latter village opposite Mandell Hill. It 

was proposed in the report of 1895 to utilize this portion of 

the Ware River watershed in connection with a water supply 

from the Swift River by diverting the flow or such part of it 

as could be made available into the proposed aqueduct from 

the Swift River to the Wachusett Reservoir. Conditions in 

this part of the Ware River watershed have changed con¬ 

siderably, as already indicated, since the report of 1895 was 

presented, and the river now receives much polluting matter 

in this part of its course of such a character as to injure 

seriously the quality of the water for domestic use. The quan¬ 

tity of these wastes is such that in consequence the expense 

for works necessary to make it practicable to utilize all the 

waters of this portion of the Ware River would make the cost 

excessive for the amount of water obtainable. 

Furthermore, recent study of the proposed tunnel line from 

the Wachusett Reservoir to the Swift River has shown that 

its length can be lessened materially and much expense saved 

by adopting a line which is practically straight from the upper 

end of Wachusett Reservoir to an intake in the Swift River 

valley at a convenient point opposite Greenwich. This more 

northerly location of the tunnel will be more economical and 

will provide for the location of the tunnel and shafts at such 

points in the Ware River watershed that the flow from at 

least 19, and probably more, of the 50 square miles of catch¬ 

ment area below Coldbrook can be easily and economically 

diverted directly into the aqueduct whenever it is desirable to 

do so. 

The Swift River. 

The Swift River is one of the principal tributaries of the 

Chicopee and drains an area of about 213 square miles above 

its confluence with the Ware at Palmer. Its watershed is 



1922.] HOUSE — No. 1550. 177 

approximately midway between the seashore at Boston and the 

western boundary of the State. The preliminary investiga¬ 

tions of the State Board of Health in 1895 indicated that a 

large reservoir could be created in this valley by the construc¬ 

tion of a dam on the main river about 3 miles below the village 

of Enfield, supplemented by a dike across the valley of Beaver 

Brook about 3 miles northeast of the darn near a low place 

in the divide between the Swift and Ware rivers, through 

which the waters of a reservoir on the Swift River might over¬ 

flow into the valley of Beaver Brook in the Ware River water¬ 

shed. 

The Swift River is formed by three main branches, two of 

which — the East and Middle branches — unite at a point 

in the southwesterly part of the town of Greenwich about 

2 miles above the village of Enfield, while a third, known as 

the West Branch, joins the main river about 1.5 miles below 

that village. The watershed of the Swift River is char¬ 

acterized by a series of high ridges running generally parallel 

in a northerly and southerly direction. The middle and 

upper portion of the valley is occupied by an extensive sandy 

plain wTith a number of rugged, mountain-like rocky hills 

which rise 300 to 500 feet above the valley floor. Through 

this plain flows the Middle Branch of the river in a south¬ 

erly direction from its headwaters in a number of ponds 

6 or 8 miles south of the Millers River, with the villages 

of North Dana and Millington on its upper waters. The 

East Branch, which drains a high and hilly country in the 

easterly part of the watershed, enters the plain near its 

southerly end, joining the Middle Branch near the south¬ 

westerly corner of the town of Greenwich, which with its two 

villages occupies this part of the watershed. The main river 

turns abruptly to the southwest not far from this point 

and enters the comparatively narrow valley in which the 

town of Enfield lies. The plain, however, extends nearly 

due south, rising gradually to the broad, low divide between 

the Swift and the Ware river watersheds, which makes neces¬ 

sary the construction of a dike in this region if a large reservoir 

is to be created in the Swift River valley. The main river 

continues through the valley, in which are located the villages. 
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of Smiths and Enfield, to its junction with the West Branch, 

when it turns to the south and flows through a wider valley 

to the darn site below. 

Location of Proposed Reservoir. 

The results of the recent investigations show that a suitable 

location for a dam is found in the valley of the Swift River in 

the vicinity of the point where the boundary line between En¬ 

field and Ware touches the Swift River about 3.5 miles below 

the village of Enfield and about 8 miles above the mouth of 

the river. 

The conditions at the low point in the divide between the 

Swift and Ware rivers northeast of the main dam do not appear 

to be favorable for the construction of a dam or dike at that 

point within a reasonable limit of cost, but examinations in the 

valley of Beaver Brook show that a favorable site for a supple- 

mentarv dam or dike is found at a comparativelv narrow 

gorge in this valley about a mile below or south of the divide 

and a short distance north of the Enfield-Ware boundary 

line. 

By the construction of this dam and dike it is practicable 

to create a reservoir with a maximum surface elevation at grade 

530, or 135 feet above the high-water level of Wachusett Reser¬ 

voir, and to deliver the water into Wachusett Reservoir bv 

gravity through an aqueduct or tunnel about 25 miles in 

length. 

The great reservoir thus created would have an area of 39 

square miles, about half the size of Lake Winnipesaukee and 

six times that of the Wachusett Reservoir; its storage capacity 

of about 400,000,000,000 gallons would be six times that of the 

Wachusett Reservoir and equivalent approximately to the 

amount of water contained in the upper 10 feet in depth of 

Lake Winnipesaukee. While the reservoir would be high 

enough to deliver all of the water to the Wachusett Reservoir 

by gravity, it would be low enough to receive by gravity the 

flow of a large part of other important tributaries of the Con¬ 

necticut River in central and western Massachusetts, of the 

Ware, the Quaboag, the Millers, the Deerfield and the West- 
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field, —in all, the drainage from more than 1,000 square miles, 

or about one-eighth of the total area of the State, if it should 

ever be deemed desirable in the future to utilize the flood waters 

from all of these watersheds in connection with this reservoir. 

Conditions affecting the Quality of the Water. 

The watershed of the Swift River is singularly well adapted 

for water supply uses. The population within the watershed 

has never been large and has been diminishing gradually for the 

greater part of a century, and in recent years at an accelerating 

rate. The towns which are largely or wholly included within 

this watershed above the proposed dam, and their population 

in United States census years from 1850 to 1920,' are shown in 

the following table: —• 

Population, 1850-1920. 

1850. 1860. 1870. 1880. 1890. 1900. 1910. 1920. 

Enfield .... 1,036 1,025 1,023 1,043 952 1,036 874 790 

Dana. 842 876 756 736 700 790 736 599 

New Salem 1,253 957 987 869 856 807 639 512 

Pelham .... 983 748 673 614 486 462 467 503 

Greenwich .... 838 699 665 633 526 491 452 399 

Prescott .... 737 611 541 460 376 380 320 236 

Shutesbury 912 798 614 529 453 382 267 242 

Petersham 1,527 1,465 1,335 1,109 1,050 853 757 642 

Totals .... 8,128 7,179 6,594 5,993 5,399 5,201 4,512 3,923 

- 2 

Note. — In addition, portions of the towns of Phillipston, Athol, Orange, Wendell, Hardwick, 

Belchertown and Barre are included, but these areas do not include thickly settled parts of any 

of these towns. 

At the present time the population of these towns averages 

21.6 persons per square mile, located mainly in the small vil¬ 

lages in the valleys of the principal streams. Along the main 

or middle branch of the Swift River, and within the area that 

would be flowed by the proposed reservoir, there is a total fall 

of about 90 feet from the headwaters near Thompson Pond to 

the tailrace of the mill in Enfield. About 57 feet of this total 

fall is_developed by small dams, none over 10 to 12 feet high, 
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for the benefit of several mills and factories,1 though the more 

important of these mills have not been in operation during the 

past year. There is very little pollution of the streams in this 

watershed either by sewage or manufacturing waste, and prac¬ 

tically none outside the area which would be cleared and flowed 

by the proposed reservoir. 

The quality of the water of the main streams in the Swift 

River valley has been determined by analysis at frequent inter¬ 

vals during the past two years. The results show that the 

water is clear, soft, comparatively low in color among the 

streams of the State, and of excellent quality in all respects for 

water supply uses. It might be supposed that so extensive an 

area of nearly level land as is found in the lower valleys of 

this watershed would contain extensive swamps, but such is 

not the case. In the ridges which border the valleys and in 

the isolated hills and small mountains rising from the valley 

levels rock is found very generally, and the soil of the higher 

lands consists largely of fine material, generally hardpan, over¬ 

laid with a considerable depth of loam. In the valleys, on the 

contrary, within the area that would be covered by the pro¬ 

posed reservoir, the soil is for the most part coarse and porous, 

with generally a thin surface layer of sandy loam, while the 

areas of swamps containing deep peat deposits are exceedingly 

few and small. 

Combination of Flow of Swift and Ward Rivers in One 

Storage Reservoir. 

The total drainage area of the proposed reservoir above the 

proposed dam and dike, including a small area in the Beaver 

Brook valley, a tributary of the Ware River, is about 186 

square miles. 

The conditions in the valley of the Swift River below the 

proposed main dam differ from those in the valley of the Ware 

River below Coldbrook, since the manufacturing industries 

are fewer in number and do not use large quantities of water 

for washing and industrial processes. Neither are there any 

large towns or villages which discharge untreated sewage or 

factory wastes containing large quantities of organic matter into 
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the river. In fact, analyses of the waters of the Swift River 

indicate that above the point where it is joined by the Ware 

the Swift River receives very little pollution of any kind. 

Conservation of Flood Waters by Diverting only the 

Higher Flows from Large Areas. 

It is essential that an additional water supply be secured for 

the Metropolitan District from the best available source, but 

it is also most important that that supply be obtained at the 

minimum cost and with the least possible injury to the water 

powers of the State and its other important interests and 

industries, and with the least disturbance practicable to any of 

its inhabitants. 

The diversion of practically the entire flow of the Ware 

and Swift rivers would provide a sufficient water supply for the 

Metropolitan Water District for a very long time in the future, 

but it is not desirable to divert all of the flow from the Ware 

and Swift rivers for water supply purposes, for reasons which 

have been stated previously in connection with the discussion 

of diversions from the Ware River watershed. 

The distribution of the rainfall in New England is such that 

the greater part of the water yielded by the rainfall and the 

melting snows of winter passes off in the streams in the winter 

and spring, and, while the river valleys are ordinarily inundated 

for a few weeks in the latter period, the streams usually shrink 

to comparatively small dimensions for many months in the 

summer and fall. The Swift and Ware rivers are no exception 

to this rule. Measurements of the Swift River at a measuring 

station maintained for several years at West Ware, a short 

distance below the proposed main dam in this valley, have 

shown a maximum flow in a period extending from August, 1912, 

to December, 1921, as high as 8,000,000 gallons per square mile 

per day, and a minimum as low as 76,000 gallons per day. 

Wider variations would no doubt have been shown if longer 

records were available. There are ordinarily many weeks in 

the winter and spring, and often periods in the summer and 

autumn, in some years when the flow of water exceeds the 

capacity of the wheels in the power plants on the Swift and 



182 METROPOLITAN WATER SUPPLY. 

Ware rivers and on the Chicopee River below them, and water 

runs to waste over all of the dams on these streams. On the 

other hand, in the summer and autumn the flow generally 

falls below the capacity of the wheels, and a part of the power 

necessary for operating machinery in the factories and mills 

must in many cases be obtained from other sources or from 

auxiliary steam plants maintained for this purpose. 

The diversion of the water of the highest flows, if an ade¬ 

quate storage reservoir were available, would diminish the 

freshets which interfere at times with the operation of power 

plants and cause injury in other ways. The storage afforded 

by the proposed reservoir in the Swift River valley would be 

so great that with that reservoir it would be practicable so to 

regulate the discharge into the Swift River that instead of the 

occurrence of variations of flow ranging from 76,000 to 8,000,- 

000 gallons per square mile per day, a nearly uniform quantity 

of water could be discharged to the mills below at all times 

at all seasons of the year alike, in years of excessive rainfall 

and in years of drought, with comparatively little waste in 

proportion to the whole quantity used. 

If all the water should be diverted for municipal supply, 

the damage might not be serious in the beginning, but it would 

have to be paid for, though a part of the water would still be 

available for many years for the use of its former owners. 

On the other hand, by taking advantage of the storage afforded 

by a great reservoir in the Swift River valley, and retaining 

therein only the higher flows in the Swift and Ware rivers 

above the quantities which are required by the majority of the 

industrial and power plants, the water flowing in periods of 

excess could be diverted for water supply uses and the remain¬ 

ing water allowed to flow past the dams in varying quantities as 

it does to-day, or in such quantities and at such times as might 

be mutually agreed to be to the best advantage of those who 

use the water for power. In this way the damages for water 

power would be materially reduced and the great variations 

in the natural flow of the river could be regulated. 

If the yield of the Swift River watershed alone were depended 

upon for the water supply of the Metropolitan Water District 

and the municipalities which may require water therefrom, it 
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would be necessary to take not only the freshet flows but a 

large portion of the lower flows, reducing considerably the flow 

of water in the river below the point of diversion and in¬ 

creasing the expense for damages to water powers. 

By combining the flow of the Ware River above Coldbrook 

with that of the Swift, less encroachment on the flow of the 

rivers would be necessary and enough water could be obtained 

for the supply of the district for many years if only those flows 

in excess of about 0.8 of a cubic foot per second per square 

mile of watershed, or about 500,000 gallons per square mile per 

day, were taken for municipal uses, leaving the flow when a 

less amount was running to pass down the rivers as it does 

to-day, but if a still larger area of watershed than that of the 

Swift and Ware rivers combined were made tributary to the 

proposed Swift River Reservoir, the proportion of the flows of 

all the watersheds which it would be necessary to take for water 

supply requirements would be still further reduced. 

Practicability of Utilizing a Part of the Flow of the 

Millers River. 

The Millers River was not carefully considered at the time 
t/ 

of the investigation of 1895 as a possible source of water 

supply because of danger of pollution of the water from one 

or two towns in its watershed. A further consideration of the 

possible use of this watershed shows that the larger of these 

towns is but little greater in size than the largest municipality 

within the present metropolitan watershed areas, and if the 

largest of the towns in the latter watersheds, which is situated 

at the head of the Sudbury Reservoir, can be so dealt with 

as to prevent its being a menace to the metropolitan water 

supply at the present time, it seems possible that the drainage 

from towns on the Millers River might also be cared for satis¬ 

factorily, in view of the circumstances, in case it should be 

desirable to use that stream for water supply purposes. Fur¬ 

ther studies have accordingly been made of the feasibility of 

using the water of Millers River in connection with that of the 

Ware and Swift so as to decrease the proportion of the flow 

to be diverted from all three watersheds. These studies show 

that by combining the three watersheds it will be necessary 
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to divert only the flows in excess of 1.2 cubic feet per second 

per square mile, or about 775,000 gallons per square mile per 

day, in order to meet the requirements of the district and of 

municipalities which may be dependent thereon for many years 

to come. 

The Millers River Watershed. 

The Millers River rises in the hills of Ashburnham and 

Gardner and flows in a general westerly course to the Con¬ 

necticut River above Turners Falls, its watershed lying con¬ 

tiguous to the northerly boundaries of the watersheds of 

the Ware and Swift rivers. Above the dam at South Royal- 

ston, where the elevation of the river is about 817, the fall of 

the main stream and also of its principal tributary, the Otter 

River, is comparatively small for many miles, but below South 

Royalston the river falls rapidly to the dam at Athol, the eleva¬ 

tion of which is about 577 feet. Surveys and investigations 

show that it is practicable to divert the water of this stream 

into the Swift River watershed by gravity if taken at any point 

above Athol. The drainage area of the Millers River at the 

mill pond just above Athol is about 2011 square miles, about 

51 square miles of which lie within the limits of the State 

of New Hampshire, chiefly in the towns of Rindge and Fitz- 

william, one of the villages in the latter town being situated 

within this watershed. The towns which are mainly within 

the watershed in Massachusetts are Gardner, Winchendon, 

Templeton and Phillipston, together with considerable portions 

of Ashburnham, Royalston and Athol. The portion of the 

town of Royalston included is very small in proportion to the 

whole area of the town, but this part contains the village of 

South Royalston. The portion of the town of Athol included, 

however, is practically uninhabited, and there is very little 

population within the portion of the drainage area which lies 

within the limits of the town of Ashburnham. The population 

of the towns on the watershed in census periods in the last 

thirty years is shown in the following table: — 

1 Including watersheds diverted for public water supplies of Ashburnham, Winchendon, Gard¬ 

ner and Athol. 
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Population of Towns mainly within the Watershed of Millers River. 

1890. 1835. 1900. 1905. 1910. 1915. 1920. 

Massachusetts. 

Gardner .... 8,424 9,182 10,813’ 12,012 14,699 16,376 16,971 

Winchendon .... 4,390 4,490 5,001 5,933 5,678 5,908 5,904 

Templeton .... 2,999 2,915 3,489 3,783 3,756 4,081 4,019 

Phillipston .... 502 460 441 442 426 390 354 

Royalston .... 1,030 890 958 903 792 862 819 

Totals .... 17,345 17,937 20,702 23,073 25,351 27,617 28,067 

New Hampshire. 

Fitzwilliam .... 1,122 - 987 - 1,148 - 962 

Rindge. 996 - 855 - 706 - 643 

Totals .... 2,118 - 1,842 - 1,854 - 1,605 

Grand totals . 19,463 - 22,544 - 27,205 - 29,672 

i-.- . — . .. 

Of the foregoing Massachusetts towns only Gardner and 

Winchendon are provided with public water supplies, and only 

Gardner with a system of sewers. The sewage of the town of 

Gardner is treated upon two groups of filter beds located 

southwest of the town in the valley of the Otter River. Plans 

have been made for a sewage disposal system for the town of 

Winchendon, the filter beds to be located near the Millers 

River, west of the town. There is no doubt that the sewage 

of these towns and villages could be effectively purified, and 

after thorough disinfection discharged into the rivers without 

seriously affecting the quality of the water for water supply 

purposes, but considering the excellent quality of the water 

obtainable from the other watersheds and its freedom from 

danger of pollution, it is not desirable to use the Millers River 

in connection therewith unless the sewage effluents can be 

wholly diverted from its watershed. A* study of the feasibility 

of removing these effluents after purification indicates that by 

means of sewers aggregating about 22\ miles in length it would 

be practicable to collect effluents from sewage filters in Gardner 

and Winchendon and the smaller villages in Templeton and 

Royalston and discharge them into the Millers River at any 
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desired point below the point of diversion of the waters of that 

stream. 

Except for the towns and villages mentioned, from which 

the sewage effluents could be removed from the stream as sug¬ 

gested, the watershed of the Millers River is sparsely populated. 

Furthermore, the water'is soft and in other respects of good 

quality for water supply purposes, and while it is considerably 

colored, the color differs little from that of the Ware River 

at Coldbrook. 

Proposed Diversion of Water from Milters River above Athol via 

Eagleville Reservoir. 

The results of this investigation having shown that it is. 

feasible to remove the objectionable pollutions from that por¬ 

tion of the Millers River watershed which might be diverted 

into a reservoir in the Swift River valley by gravity, a further 

study was made of practicable means of diversion. A number 

of plans have been considered, the most favorable of which 

appears to be the construction of an aqueduct from the river 

above Athol along the southerly side of the river, partly in 

tunnel, to a mill pond on a small stream which passes through 

the villages of Partridgeville and Eagleville and enters the 

Millers River from the south at a point about 3 miles below 

Athol. 

This mill pond or reservoir is created by the dam at Par¬ 

tridgeville and drains an area of about 19.5 square miles. 

The Eagleville Reservoir extends some 3 miles in a southerly 

direction from the dam and at its southerly end is within about 

2 miles of the upper end of the Swift River Reservoir. It was 

found to be practicable, by raising the dam at Partridgeville 

about 12 feet and excavating a channel through the divide 

between the Millers and Swift river watersheds, which is very 

low in this vicinity, to divert the water from these 19.5 square 

miles, which now flows to the Millers River, into the Swift 

River watershed. 

As the Millers River falls rapidly above Athol, its waters 

can be diverted at any desired level above that town and 

discharged by gravity into the proposed enlarged and elevated 

reservoir above Partridgeville and thence diverted into the 
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proposed reservoir on the Swift River. The tunnel and aque¬ 

duct would have an average diameter of about 11.5 feet and 

would be large enough to carry all the flood flows from the 

drainage area above Athol up to and including flows of 5 

cubic feet per second per square mile in excess of the normal 

undiverted flow of the river. A part of the water of the 

highest freshets could not be utilized, but the quantity lost in 

average years would not be considerable. The drainage area 

which can thus be diverted from the Millers River, including 

the small area draining into the Eagleville Reservoir amount¬ 

ing to 19.5 square miles, would be about 220 square miles, 

and with this addition the total area of watershed tributary 

to the proposed reservoir in the valley of the Swift River 

would be 506 square miles, or nearly five times the area draining 

into the Wachusett Reservoir. 
I , 

Advantages of Utilizing the Higher Flows of the Swift, 

Ware and Millers Rivers combined. 

The advisability of using water from the Millers River in 

connection with the proposed reservoir in the valley of the 

Swift River, in view of the fact that the quality of the water 

can be rendered satisfactory within a reasonable outlay, de¬ 

pends largely upon the cost of the improvements in the water¬ 

shed of the Millers River and the expense of diversion works 

and of damages for the water diverted as compared with the 

probable damages for taking a larger proportion of the flow 

from the watersheds of the Swift and Ware rivers. 

Estimates of the cost of utilizing the Millers River compared 

with the cost of taking a greater quantity of water from the 

Swift and Ware rivers, based upon the results of preliminary 

surveys and investigations in the watershed of the Millers River 

and careful estimates of the probable mill damages, indicate 

that it will make very little difference in the cost of works for 

supplying water from these sources to the Metropolitan Water 

District, whether the Millers River is utilized and the diversion 

of water from the Swift and Ware rivers is therefore confined to 

higher flows, or whether a greater proportion of the flow of the 

Swift River and Ware River is utilized and the Millers River 

omitted from the proposed plan. 
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In view of the results of these estimates, since it would 

make no practical difference in the cost of the works to the 

Metropolitan Water District, it would undoubtedly be best to 

select the scheme which would have the least influence in 

reducing, no matter to how small a degree, the available wTater 

power of the State. The most reasonable plan to adopt under 

the circumstances appears to be the utilization of the freshet 

flows of the Millers River, in addition to those of the Ware and 

the Swift, in connection with the proposed reservoir in the 

valley of the Swift River. 

Summary of Available Yield of Proposed New Sources, 

TAKING THE HIGHER FLOWS OF THE WARE, SWIFT AND 

Millers Rivers. 

The estimated amount of diversion from each watershed 

under the proposed plan for diverting all the flows in excess 

of 1.2 cubic feet per second per square mile is as follows: — 

River. 
Drainage Area 
(Square Miles). 

Safe Yield 
based on Rainfall 

of 1897-1920 
(Million Gallons 

per Day). 

Swift. 186.0 87 

Ware above Coldbrook. 100.0 47 

Millers above Athol. 201.0 87 

Millers River, Eagleville Reservoir watershed . 19.5 9 

Totals .......... 506.5 230 

Losses from various causes. - 28 

Net yield. - 202 

-- - - 3 

In other words, a supply of about 200,000,000 gallons per 

day, can be obtained from these watersheds by collecting and 

storing the flows above 1.2 cubic feet per second per square mile. 

These diversions would be made in general only in the winter 

and spring months, and, judging from the records of the flow of 

the streams in this region there would be no interference with the 

normal flow of either the Swift, the Ware or the Millers rivers 

during about 57 per cent of the time. There are a number of 

mills and power companies along the Swift, Ware and Millers 
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rivers, and other rivers below the proposed points of diversion 

of these streams, that have developed their power plants so as 

to use a portion of the flood flows for the development of power, 

and the estimates of cost include, it is believed, ample allowance 

for damages for all water-power developments. 

Rainfall as the Basis of Available Yield. 

In connection with these investigations a study has been 

made of the rainfall in the watersheds of the Ware, Swift and 

Millers rivers, and the probable yield of these watersheds as 

shown by available data. Very few long-term rainfall records 

have been maintained in either of these valleys, though there 

are a number in their general neighborhood. A study of the 

available records has been supplemented with a consideration 

of records of measurements of flow of the Millers River since 

July, 1915, and of the Ware and Swift Rivers since August, 

1912, as carried on by the United States Geological Survey 

in co-operation with the Department of Public Works in Mas¬ 

sachusetts. These records have been compiled and compared 

with the records of rainfall and flow of the Nashua River at 

Clinton, which have been continuous and carefully kept for a 

period of twenty-five years. The results indicate in general 

that on the easterly and northeasterly sides of the Ware River 

and Swift River watersheds considered as a single area the rain¬ 

fall is probably somewhat less than on the South Branch of the 

Nashua above Clinton, and that the amount is still smaller on 

the southerly and westerly sides of these watersheds, though so 

far as these available records show there is a considerable differ¬ 

ence in distribution of rainfall in the summer months in the 

western and southwestern districts, the amounts being slightly 

greater in the summer, and in the winter months less, than on the 

Wachusett watershed. On the north, and in the watershed of 

the Millers River, the available records indicate that the rain¬ 

fall is less than in the areas farther south, and the northwesterly 

sections of these watersheds probably have an annual rainfall 

still smaller in proportion to that upon the Nashua River 

watershed, though the maximum difference is probably about 10 

per cent, the difference being somewhat more marked in winter 

than in summer. Taking the rainfall observations in connection 
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with the flow of the streams as shown by available measure¬ 

ments, an estimate covering a considerable period of years 

shows that by taking all of the flows of the Ware, Swift and 

Millers rivers in excess of 1.2 cubic feet per second per square 

mile of watershed, and allowing the remainder to continue to 

flow in the streams, enough water can be obtained to fill the 

proposed reservoir in the Swift River watershed within a 

reasonable time. Moreover, the new supply could be drawn 

upon at the same time, so that together with the old sources 

there would be enough water for the district for at least thirty 

years in the future. 

These estimates are based upon the assumptions that work 

upon the construction of the proposed reservoir on the Swift 

River will be carried far enough to make it practicable to begin 

the filling of the reservoir by about 1934, and cover the con¬ 

tingency of the occurrence of a period of low rainfall should 

such a period occur immediately following that year. Linder 

this plan the available yield of the sources of water supply 

of the Metropolitan Water District would be increased by as 

much as 200,000,000 gallons per day; that is, the total yield 

would be increased to 2.3 times that of the present sources of 

supply. In the construction of the Wachusett system the yield 

was increased to about 2.8 times that of the existing Sudbury 

and Cochituate works. 

Proposed Plan adapted to supply Water to the City of 

Worcester. 

The city of Worcester, as stated previously in this report, 

has presented a report to the Legislature outlining a plan for 

an additional water supply for that city to be taken from 

Quinepoxet Pond and a neighboring stream in the Wachusett 

watershed, whence the water is to be pumped into Kendall 

Reservoir of the Worcester water works system. This plan 

includes a provision for constructing later a reservoir above 

Quinepoxet Pond when a further supply becomes necessary. 

The quantity of water obtainable in a dry year under this plan 

in the beginning is estimated in that report at 10,000,000 

gallons per day or a little more than 60 per cent increase over 

the safe yield of present sources. Hence if this plan were 
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followed, a further additional supply would become necessary 

after about twenty years. 

Instead of taking water from the Quinepoxet source in the 

Wachusett watershed, water could be pumped from one of the 

shafts of the proposed tunnel, where it would pass beneath 

one of the main tributaries of the Pine Hill Reservoir, now 

under construction, and be discharged directly into this tribu¬ 

tary stream through which the water would flow to the reser¬ 

voir. 

Under the plan of supplying water to the Metropolitan Water 

District from the Ware River and beyond, power would be gen¬ 

erated at the Wachusett terminal of the tunnel soon after its 

completion. There would be ample power from this source for 

pumping the water supply of the city of Worcester from the 

proposed tunnel should that city join in this plan. Further¬ 

more, it is proposed to divert the Quinepoxet River into the 

tunnel above Wachusett Reservoir, where its drainage area 

is about 36 square miles, and to utilize the fall of this water 

for power. If before the Swift River works were completed 

Worcester should need water at any time when the Ware River 

flow was below the diversion limit, and none could be supplied 

from that source, the supply to the pumps could be maintained 

temporarily from the Quinepoxet River which would keep the 

tunnel full at all times. 

There is no doubt that by the plan for pumping directly 

from the tunnel Worcester would obtain a supply as satisfac¬ 

tory in all respects for the use of the city as the water obtain¬ 

able from present sources, or from these sources supplemented 

by pumping from Quinepoxet Pond in accordance with the 

recommendation in Senate No. 346, 1920. If, following the 

latter recommendation, water from Quinepoxet Pond were 

pumped into Kendall Reservoir by way of the Pine Hill intake, 

that reservoir would receive a supply of water of low color. 

If, on the other hand, the water supply of the city of Worcester 

should be pumped directly from the tunnel into a tributary 

of the Pine Hill Reservoir, that city would receive a supply 

with a color about 10 per cent above that now tributary to the 

Wachusett Reservoir, but this water would pass through the 

new Pine Hill Reservoir and be well bleached in passage, in 
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the same way that the present metropolitan supply is bleached 

in passage through Wachusett Reservoir to an almost colorless 

effluent. The use of the water of the Ware River alone would 

be temporary in any case, since eventually the tunnel would be 

extended to the Swift River and receive a practically colorless 

supply. 

There is still another method of increasing the water supply 

of the city of Worcester, especially in view of the fact that the 

30-inch force main which was laid in 1911 from the Wachusett 

Reservoir to the “Summit/’ or northerly portion of the city’s 

distributing system, is still in place. For a relatively small sum 

pumps could again be installed at the Wachusett Reservoir 

which, with such enlargements of the works as might later 

become necessary, could pump any desired quantity from that 

source directly into either the high or low service mains of the 

city. 

By either of these two latter plans the construction and 

maintenance of the works necessary for pumping water from 

Quinepoxet Pond could be avoided and the construction of the 

proposed reservoir above that pond, a few years hence, elimi¬ 

nated. While the cost of pumping either from the tunnel shaft 

or from the Wachusett Reservoir would be greater than from 

Quinepoxet Pond, the net cost of a water supply to the city 

of Worcester under either of these two plans now proposed 

would be less. Furthermore, if wrater were taken either from 

the tunnel or from Wachusett Reservoir a supply would be 

available at the point of diversion which would be adequate 

for a very long time in the future without the construction of 

additional reservoirs or collecting works. 

The choice between these two plans for an additional water 

supply for Worcester, either from the tunnel shaft or from 

Wachusett Reservoir, will depend to a large extent upon the 

financial arrangements that may be made between Worcester 

and the Metropolitan Water District, and can be finally deter¬ 

mined only in the working out of the details of the extension 

of the water works system of the Metropolitan Water District. 
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Possibility of Diverting Flood Flows from the Quaboag 

River. 

The Quaboag River is the most southerly of the three rivers 

which unite to form the Chicopee River in the town of Palmer, 

and joins the Chicopee at the village of Three Rivers less than 

a mile below the confluence of the Swift and Ware rivers. 

The drainage areas of these tributaries at their points of con¬ 

fluence are as follows: — 
Square Miles. 

Swift. 213 
Ware.221 
Quaboag.210 

The elevation of the Quaboag River at a point above the 

village of Warren is such that it would be practicable to divert 

the higher flows into the Swift River Reservoir through an 

aqueduct about 10 miles in length. The drainage area of the 

Quaboag River at this point of possible diversion is 137 square 

miles, which includes all or considerable portions of the towns 

of Spencer, North Brookfield, Brookfield, West Brookfield, 

Paxton and New Braintree. The aggregate population of 

these towns in 1920 was 13,397. The population has decreased 

5,921 in the past thirty years. 

There are sewerage systems in Spencer and North Brook¬ 

field, but there is no doubt that it would be practicable without 

excessive cost to care for the effluent from these works in a 

satisfactorv manner if the river were used as a source of water 
\j • 

supply. There :s no doubt that the freshet flows of this stream 

could be utilized in connection with the Swift River project 

should it be found desirable to do so in the future, unless 

conditions change materially from those existing in this water¬ 

shed at the present time. 

Proposed Plan adapted to Future Extension to the 

Deerfield and Westfield River Watersheds. 

As previously indicated, it is possible also to divert into the 

Swift River Reservoir by gravity, through an aqueduct about 

25 miles in length, both the waters of the Deerfield River and 

those of its northerly tributary above Shelburne Falls, by con- 
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structing a diversion reservoir in that neighborhood of sufficient 

elevation for the purpose, thus making it practicable to divert 

into the Swift River Reservoir the water from an additional 

drainage area of over 450 square miles. Attention was called 

also to the practicability of diverting water from the East and 

Middle branches of the Westfield River into the Swift River 

watershed through an aqueduct and tunnel of about the same 

length as in the case of the Deerfield River. With the rapid 

growth of population in the Connecticut River valley in Spring- 

field, Chicopee, Holyoke, Westfield and adjacent towns, any 

diversion of water of the Westfield watershed should be subject 

to adequate reservations to meet the growing needs of the popu¬ 

lation of that region. 

The Deerfield and Westfield rivers derive their flow from 

mountainous watersheds sparsely inhabited by a population 

which has been decreasing in numbers for many years, and 

there are few industries in those portions of these river valleys 

from which water could be diverted into a reservoir on the Swift 

River by gravity, and no present probability that large indus¬ 

tries will be established there in the future. Such value as 

these streams possess, as sources of water supply for power, 

is being developed at the present time for mills in the lower 

parts of these valleys, and, in the case of the Deerfield River, 

for transmission to more populous regions. 

Large Additions to the Supply possible by Taking the 

Flood Flows only from other Watersheds. 

The fact that additional diversions from other watersheds 

are possible, if desired at some future time, is to be taken into 

account in considering any scheme for water supply in connec¬ 

tion with the Swift River Reservoir. 

It is not essential, however, at the present time to consider 

the use of the Deerfield, the Westfield or the Quaboag River 

in connection with the Swift River Reservoir, except to note 

that the flow from a very large drainage area in the Deerfield 

valley, and from a considerable area in the Quaboag and pos¬ 

sibly the Westfield valley, could be diverted into the proposed 

reservoir on the Swift River watershed by gravity, and no 

further investigation has been made of these sources. If the 
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Metropolitan Water District and the populations dependent 

upon it for water continue to grow, the time may come when 

more water will be required, and it will then be possible to 

divert into the Swift River Reservoir the surplus flows of other 

watersheds, still using only the higher flows and thus avoiding 

injury to the rivers below and the industries dependent upon 

them for water for power and other uses. 

PART IV. THE PROPOSED WORKS FOR EXTENDING THE 
METROPOLITAN WATER DISTRICT SUPPLY AND THEIR 
COST. 

$ 

Main Dam and Beaver Brook Dike of the Proposed 

Swift River Reservoir. 

The proposed site of the main dam is at the boundary 

between Enfield and Ware approximately as shown on the 

accompanying map. At this point, as at all the other sites 

examined in this region, the bedrock is covered with a deep 

deposit of drift, porous and water-bearing, and very variable 

in quality, and a form of construction carried to bedrock will 

be required. The proximity of great quantities of suitable 

material indicates that an earthen dam of ample dimensions 

with a core wall of impervious material carried to the bedrock 

will be the most appropriate type of dam under the existing 

conditions. Enough borings have been made to indicate closely 

the probable bedrock profile across the valley, and the ends of 

the dam will be in rock hills on either side. Beyond the rocky 

hill at the westerly end of the dam is an excellent location for 

a spillway and discharge channel which would be in rock and 

would discharge into the river through an outlet channel well 

below the dam and safe from possible damage, either to the 

dam or its appurtenances or to property in the valley below\ 

Explorations at the head of the valley of Beaver Brook with 

a view to the location of a dike at the low point in the divide 

between the Swift and Ware rivers indicate that the conditions 

there are unfavorable for the ordinal’v methods of dike con- 
*/ 

struction, since the material overlying the rock, while varying 

from place to place, is to a large extent exceedingly porous. 

Furthermore, it appears well-nigh impracticable to excavate for 
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reconstruction a suitable cut-off for a dike in this location. 

A more favorable site is found in the valley of Beaver Brook 

about a mile south of the divide, where the conditions are 

similar to those at the proposed site of the main dam in the 

valley of the main river. There is a similar mixture of porous 

and water-bearing materials and many boulders over the under¬ 

lying rock, and here also, as at the main dam, a rock wall 

rises steeply from the floor of the valley on the west side, 

while on the east side the rock wall is more irregular in con¬ 

tour and much less steep. The deposit of loose water-bearing 

materials lying over the rock will require excavation, and a 

watertight core wall will be required at this location as at the 

main dam. The preliminary estimates provide for a similar 

form of construction as at the main dam. 

Some of the principal dimensions of the proposed structures 

are shown in the following table: — 

Dimensions of Main Dam. Feet. 

Elevation of flow line above present surface of river . . . 147 

Elevation of flow line above bottom of rock gorge .... 253 

Width of gorge at flow line.2,700 

Height of top of dam above flow line.18' 

Width of dam at top roadway.36 

Dimensions of Beaver Brook Dike. 

Height of flow line above present brook.115 

Height of flow line above bottom of rock gorge.250 

Length of dike at flowr line.2,150 

Height of top of dike above flow line.18 

Width of dike at top roadway.36 

The upstream slopes of both dam and dike would be somewhat less steep 

than 1 to 3, and the downstream slopes somewhat less than 1 to 
2.5. 

The Reservoir Capacity. 

A large part of the cost of the proposed dam and dike 

is due to the necessary excavation through deep layers of sand, 

gravel and boulders to bedrock in order to insure a watertight 

structure, but the material for the superstructure is easily and 

cheaply procured. It is evident that in the case of both the 

dam and the dike the upper part is much less expensive; 

that is, a dam at elevation 530 will not cost much more than 
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one at a somewhat lower level, while every foot added to the 

height of the dam increases greatly the storage capacity of the 

reservoir. For instance, the upper 8 feet adds about 65,000,- 

000,000 gallons to the storage, a quantity as great as the 

entire storage capacity of the Wachusett Reservoir. There is, 

of course, a limit above which an increase in the size of a 

storage reservoir is of no economic value. The increase in 

capacity may add little to the safe yield of the source, since the 

loss from evaporation may be disproportionate to the advantage 

gained by the larger storage. It is usually impracticable to 

utilize all of the water from a given source of water supply, 

and if the use of water is so adjusted that the supply is ade¬ 

quate in dry periods there will be an overflow in wet years 

which is apparently wasteful. Yet if the operation of the 

system were so arranged that no water would be wasted from 

it in wet years, there would be a shortage in dry years. The 

proposed reservoir in the Swift River valley, with a drainage 

area of 186 square miles and a storage capacity of 410,000,- 

000,000 gallons, would be open to the criticism that it was dis¬ 

proportionately large to the size of its drainage area were it 

not for the fact that the plan contemplates the storage in this 

reservoir not only of the water of the Swift River, but also 

that from large areas in the watersheds of the Ware and 

Millers rivers in the earlier years, together with a possible sub¬ 

sequent extension to the Deerfield River and the addition of 

other areas as future circumstances may require. It will be 

practicable to build the dams to a lower elevation and carry 
• 

them to the full height at a later time if deemed desirable, 

but the saving in cost would not be great, and the plans have 

consequently included provision for carrying the dams to the 

full height in the beginning. 

Dimensions of Storage Reservoir. 

Area of water surface (square miles).39 
Area of watershed, Swift River (square miles).186 

Area of watershed divertible from Ware River (square miles) . 130 

Area of watershed divertible from Millers River (square miles) . 2201 

Total capacity (gallons). 410,000,000,000 

Length (miles).17 

i This area includes certain small watersheds from which the supplies of Ashburnham, Gard* 

ner, Winchendon and Athol are taken. . 
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Maximum width (miles).4 

Total length of shore line not including islands (miles) ... 86 

Maximum depth (feet). 150 

Average depth (feet) ..51 

Length of railroad flooded (miles).15. 9 

Length of highways flooded (miles).106 

Character and Occupation of Lands necessary for the 

Proposed Reservoir. 

The reservoir would contain a number of semi-mountainous 

islands, rocky and, for the most part, covered with forest at 

the present time. 

It will be necessary, for the protection of the purity of the 

water of the reservoir, to acquire all of the islands and lands 

about the margin in order to keep them free from population 

and from uses which might be objectionable in the neighbor¬ 

hood of a reservoir used for water supply purposes. 

In the construction of this reservoir it is unfortunately 

necessary to remove several villages and practically the entire 

population of three of the towns in this region. The six towns 

most seriously affected, with their populations since 1880, to¬ 

gether with the estimated population affected in other towns 

in the neighborhood, are shown in the following table: — 

Town. 1880. 1890. 1900. 

« 

1910. 1920. 

Estimate] 
TION I 

Within 
Proposed 

Swift River 
Reservoir. 

3 POPULA- 
N 1920. 

Within 
Area of All 
Probable 
Takings. 

Enfield 1,043 952 1,036 874 790 694 790 

Dana .... 736 700 790 736 599 331 378 

New Salem 869 856 807 639 512 60 83 

Pelham 614 486 462 467 503 20 36 

Greenwich . 633 526 491 452 399 393 399 

Prescott 460 376 380 320 236 63 236 

Hardwick1 . - - - - - 30 65 

Belchertown1 - - - - - 4 26 

Shutesbury1 - - - - - 3 17 

Petersham1 - - - - - 7 10 

Ware1 .... - - - - - 0 8 

Totals . 4,355 3,896 3,966 3,488 3,039 1,605 2,048 

1 Population of these tdwns very slightly affected. 
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The foregoing table indicates that 1,605 people, or an average 

of about 41 persons per square mile, will eventually have to be 

removed from their homes if the reservoir is constructed, and a 

total of somewhat over 2,000 persons including the areas likely 

to be required for the protection of the reservoir. 

The estimated number of inhabitants on land acquired for 

the Wachusett Reservoir was 1,711, or an average of about 

264 persons per square mile. 

The assessed value of real estate in the six towns most 

seriously affected in the years 1901, 1914 and 1920 is shown in 

the following table: — 

Town. 1901. 1914. 1920. 

Enfield. $414,890 $470,680 $472,440 

Dana. 248,957 344,441 413,395 

New Salem . . . . 246,760 328,600 409,910 

Pelham ........ 164,799 338,903 431,165 

Orceuwich ....... 175,915 210,500 295,345 

Prescott . 139,012 171,322 176,905 

Totals ....... $1,390,333 $1,864,446 $2,199,1G0 

A careful examination of the area to be flowed shows that it 

contains in all 1,040 buildings besides 18 abandoned and 66 in 

ruins or with their foundations only in evidence. The char¬ 

acter of these buildings is shown in the following table: — 

Mill structures 14 Houses, occupied • 463 

Stores in use .... 38 Houses, vacant . 30 

Churches. 6 Barns, in use . . 381 

Schoolhouses .... 13 Barns, vacant . . 18 

Other public buildings . 

Railroad stations, freight 

9 W Camps and summer cottages 61 

houses, etc. 14 Total • 1,040 

The total number of occupied dwelling houses as shown by 

the above table is 463, or about 12 per square mile, as compared 

with 224, or about 35 per square mile, on the area taken for 

the Wachusett Reservoir. 

A careful survey has also been made to determine the 

character of the areas to be flooded and the present uses of the 

land. These statistics are shown in the following table: — 
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Orchards .... 

Pasture and open land . 

Swamp and meadow 

Scrub and young growth 

Timber land . 

Water surfaces 

Cemeteries 

Unclassified lands such as v 

and railroads 

llage and cultivated land, highways 

Acres. 

51 

2,118 

2,338 
7,889 

6,845 

1,233 
11 

4,385 

Total 24,870 

Treatment of the Reservoir Area. 

The greater part of the bottom of the proposed reservoir is 

composed of sandy plains covered with brush or wood and hav¬ 

ing a very thin surface layer of loam. Swamps containing peat 

are exceedingly rare, the aggregate area of such deposits 

amounting apparently to less than 700 acres. A large part of 

the swamp and meadow lands is low ground between the main 

stream and the uplands, kept in a swampy condition in many 

cases by the ground water from the gravelly lands adjacent. 

The preparation of this great area for reservoir purposes by 

the removal not only of all vegetation but of all surface soil 

besides would be impracticable on account of the excessive cost 

and is unnecessary in the existing circumstances. The land 

should be cleared of bushes and trees and all organic matter 

destroyed so far as practicable. It is probable, moreover, that 

over large areas even the surface soil can largely be reduced to 

ashes, so that by this process the small amount of organic 

matter that remains is likely to have little permanent effect 

upon the quality of the water of this great basin. In the earlier 

years, after the area is first flowed, the water will doubtless 

have a noticeable color, and a considerable quantity of organic 

matter wall be taken up by contact with the material in the 

bottom of the reservoir, but this condition is unlikely to affect 

the water materiallv bevond the first few vears. It will take 
tJ K> «/ 

several years to fill the reservoir, and during much of that time 

there is no doubt that water of such quality can be obtained 

from it that after subsequent storage in Wachusett Reservoir 

the quality of the water of the latter source would not be 
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materially affected thereby, since the water need be drawn in 

the earlier years from the Swift River Reservoir only at times 

when the quality is at its best. The storage capacity of the 

proposed reservoir is such, in proportion to the size of its 

watershed, that the water stored there will eventually become 

thoroughly bleached and probably nearly or quite colorless, and 

while it may be affected at times in the earlier years by growths 

of organisms and the objectionable tastes and odors which result 

therefrom, the use of the reservoir at such times can be avoided. 

With the increasing demand for water of the best quality, 

it is possible that most surface waters, no matter how free 

from probable danger of pollution, will be filtered before deliv- 

erv to consumers, and this mav sooner or later be the case with 

water supplied from the Wachusett system, but such a demand 

seems unlikely to arise for many years. 

If it should ever be found desirable to improve the quality 

of the water of the proposed Swift River Reservoir by filtration 

before discharging it into the Wachusett Reservoir, rather than 

to filter all of the water supplied from * the latter source, it 

would be practicable to filter it on lands in Oakdale adjacent to 

Wachusett Reservoir. But it is not probable that the water of 

the proposed Swift River Reservoir would differ materially 

from that of the Wachusett Reservoir after the first few years. 

Tunnel from Swift River to Wachusett Reservoir. 

The divide between the Wachusett Reservoir and the water¬ 

sheds of the Ware and other rivers to the west rises to a height 

of over 1,000 feet above sea level, a height which it maintains 

generally for many miles from the northerly nearly to the south¬ 

erly boundary of the State. This high divide must be pierced 

by a tunnel in order to bring water from the Ware or Swift 

rivers into the Wachusett Reservoir, and this connecting link 

between the present and the proposed supplies will be a most 

important item of construction. 

The tunnel as designed will leave the Swift River Reservoir 

about one-half mile south of East Pond at the foot of a steep, 

rocky hill rising some 400 feet above the floor of the Swift 

River valley east of the village of Greenwich, and will run 

northeasterly to the neighborhood of Coldbrook in the Ware 
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River valley, whence it will turn to the east and follow an 

easterly course to the Wachusett Reservoir. 

The tunnel from the Swift River valley to the Wachusett 

Reservoir will pass so close to Coldbrook on the Ware River 

that the slight change in alignment made necessary to provide 

for the diversion of the water of this river directly into one of 

the tunnel shafts would have very little effect on the length of 

the line. Since the control works would be located at the 

Wachusett end of the tunnel, the tunnel itself would become 

in effect a part of the reservoir, and floods from the Ware 

River would flow back through the tunnel and be stored in the 

Swift River Reservoir whenever necessary. 

As previously stated, it would be possible, whenever desir¬ 

able, to divert the flood flows from several small watersheds, 

having an aggregate area of 19 square miles or more, tributary 

to the Ware River below Coldbrook into the tunnel at various 

shaft heads. These connections are not included in the pre¬ 

liminary estimates, however, because the expense of their con¬ 

struction would probablv not be justified for manv years. 

The total length of the proposed tunnel to the Swift River 

Reservoir is about 25.1 miles. It would be located in rock, 

and the surface indications are favorable to construction by 

methods known and tried in many similar cases, but as many 

of the construction shafts must be deep, it is desirable, for the 

sake of economy, that they should be spaced at intervals of 

d or 4 miles, and probably at least four years will be required 

for actual construction to get the first water from the Ware 

River at Coldbrook into the Wachusett Reservoir. Delay in 

beginning the construction of this tunnel, which would require 

more rapid work, would mean a serious addition to the cost. 

The cost of such a tunnel and the time required for its 

construction make it advisable to build it large enough to 

carry as large a quantity of water as can probably be utilized 

from the Swift River Reservoir, developed as ultimately pro¬ 

posed, since the larger tunnel will cost less in proportion to its 

size than a small one. Accordingly, for the purpose of estimat¬ 

ing the cost, this diameter has been taken at 12 feet 9 inches. 

With this diameter, in a series of dry years which might cause 

the main reservoir to be drawn down 55 feet, or to about eleva- 
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tion 475, there would still remain sufficient head on the tunnel 

to enable it to carry 500,000,000 gallons per day. The lowest 

gate sill in the intake gatehouse has been designed at elevation 

435, which is about the floor of* the main portion of the Swift 

River valley. This will allow an initial supply to be obtained 

the first year that the storage of water is begun, and would 

make it practicable to draw nearly the maximum storage of the 

proposed Swift River into the Wachusett Reservoir. At its 

lower end the invert of the tunnel as proposed would be at 

grade 370, the outlet of the tunnel being at Oakdale at the 

upper end of the Wachusett Reservoir. 

Aqueduct for Millers River Diversion. 

Reference has already been made to the proposed diversion 

of water from the Millers River into the Wachusett Reservoir 

through a tunnel and aqueduct leading to Eagleville Pond, 

and thence in a channel through the Swift River divide from 

the southerly end of that pond into the Swift River Reservoir. 

For the purposes of this estimate the aqueduct is designed at 

about 11.5 feet in diameter, and would be capable of diverting 

flows in excess of the normal undiverted flow of the river up 

to and including 5 cubic feet per second per square mile. The 

watershed of the Millers River above the proposed point of 

diversion is, as already stated, 201 square miles, but the flow 

would be reduced slightly by the diversion of water for the 

water supplies of Ashburnham and Athol, and by the removal 

of the effluent from the sewage disposal works in Gardner and 

Templeton, as well as those which may be built in Winchendon. 

The amount of these diversions from the higher flows of the 

river is small. 

Estimates of Cost. 

In making estimates of the cost of the proposed works 

difficulty was encountered on account of the constant changes 

in the prices of labor and commodities in recent years. It was 

decided to base the estimates wholly upon pre-war prices, and 

this plan has been followed throughout. The following table 

shows also an estimate of the probable cost of the works on a 
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pre-war basis plus an addition of 30 per cent to allow for con¬ 

ditions which may exist if the bulk of these works should be 

constructed within the next ten to fifteen years. In making 

the estimates experience in similar construction on the metro¬ 

politan water supply in recent years, on similar work now 

under construction for the city of Providence, and especially 

on the water supply of the city of New York, has been utilized, 

as well as that of other cities. In every construction item an 

allowance of about 22 per cent has been made for unforeseen 

contingencies, all preliminary surveys and designs and the 

preparation of contracts, as well as administration, general 

supervision and engineering during construction. 

Summary of Cost Estimates. 

Construction 
Cost and 

Overhead (Pre¬ 
war Basis). 

Probable Cost 
in 1924-35 

(Pre-war Basis 
+30 Per Cent). 

Main dam at West Ware station: 
Main embankment.$7,124,000 
Diversion tunnel and control works . . 1,201,900 
Spillway and flood channel .... 251,700 

$8,577,600 $11,150,880 

Beaver Brook dike: 
Main embankment.$6,529,000 
West dike. 85,000 

6,614,000 8,598,200 

Main storage reservoir in Swift valley: 
Clearing, grubbing and fencing. 
Relocation and reconstruction of highways, 47 miles . 
Relocation of railroad, 21% miles. 
Relocation of cemeteries ....... 
Relocation of transmission lines ...... 
Sanitation and forestry ........ 

5,064,300 6,583,590 

Eagleville Reservoir diversion: 
Raising Eagleville dam . 
New channel via Hacker Pond 

Millers River diversion: 
Diversion dam and intake 
Aqueduct to Eagleville Reservoir 
Gardner and Winchendon sewer 

Aqueduct to VVachusett Reservoir: 
Tunnel and shafts . 
Intakes to aqueduct 
VVachusett terminal 

$44,700 
108,400 

$159,400 
1,173,500 

729,400 

$17,457,100 
376,000 
339,400 

Total construction . ....... 

Real estate, rights of way, depreciation, business damages, 
diversion damages and water rights of mills and factories 
below the points of diversion ....... 

153,100 

2,062,300 

18,172,500 

$40,643,800 

199,030 

2,680,990 

23,624,250 

$52,836,940 

7,109,600 

$59,946,540 
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Estimated Cost of Proposed Extension to the Ware 

River. 

The first addition to the metropolitan water supply under 
the plan herein proposed, which will give an additional safe 
yield of about 33,000,000 gallons a day, is the taking of the 
flow of the Ware River at Coldbrook in excess of 1.2 cubic 
feet per second per square mile of watershed. This involves 
the construction of the proposed tunnel from a shaft at the 
Quinepoxet River, a tributary of the Wachusett Reservoir, 
as far as a shaft at the Ware River in Coldbrook, including 
an intake reservoir and other appurtenances at Coldbrook and 
the necessary terminal works and diversion spillway at the 
Quinepoxet shaft near the Wachusett end. 

The estimated cost of this portion of the works is as follows. 
This estimate does not include the simultaneous cost of any 
preliminary work on the further extension to the Swift River 
Reservoir, although this extension would need to be begun 
before the tunnel to the Ware is completed. 

Summary of Cost Estimates. 

First Extension to the Ware River at Coldbrook. 

Construction 
Cost and 

Overhead (Pre¬ 
war Basis). 

Probable Cost 
in 1924-27 

(Pre-war Basis 
+30 Per Cent). 

Tunnel and shafts. 

Intakes to aqueduct. 

Total construction. 

Real estate, rights of way, diversion damages and water rights, 
mills and factories below the point of diversion . 

$8,368,600 

297,000 

$10,879,180 

386,100 

$8,665,600 $11,265,280 

778,100 

$12,043,380 

— j 

Opportunities for Power Development. 

At the main dam in the Swift River valley there will be a 
fall of about 141 feet in discharging the continuous flow that 
must be allowed to waste down the river up to the limit of 
1.2 cubic feet per second per square mile. This head can be 
used for the production of power. A substantial gatehouse and 
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control works must be provided in any case for the handling 

of these waters and their discharge down the stream, and a 

comparatively small additional expense will allow the installa¬ 

tion of a water wheel and generator, and the cost of such a 

first installation has been included in the estimate. 

At the Wachusett terminal of the tunnel, although there 

will be, of course, no head available for power in critical dry 

years in the remote future, when the full capacity of the tunnel 

is needed in order to supply sufficient water to the district, 

nevertheless, there will be a head of about 125 feet available, 

as soon as the Swift River Reservoir is full, which can be used 

for power. In later years, while more and more of the head 

in the tunnel will be consumed in friction and less and less 

will be available for power purposes, nevertheless, by opening 

the gates wide on nights, Sundays and holidays to pass the bulk 

of the water needed as the consumption increases, valuable 

power can be developed in 2 shifts for thirty or forty years or 

more to come without decreasing the head below 80 to 85 

feet. The proposed diversion of the Ware River floods into 

the Swift River Reservoir through a tunnel construction shaft at 

Coldbrook is a decided benefit to the head available for power. 

In addition to the above, the head at the Wachusett terminal 

could be still further increased and a very considerable present 

waste of water power conserved by intercepting the Quinepoxet 

River, one of the main tributaries of the Wachusett Reservoir, 

at a point about 155 feet above its present outlet, and diverting 

it into one of the construction shafts of the tunnel. Thus the 

Quinepoxet River, instead of discharging down the steep, barren 

channel which was stripped of its power plants when the Wa¬ 

chusett Reservoir was built, can be diverted at a verv small 

additional cost into the tunnel and used for power. 

Furthermore, the additional water required for the district 

will increase the power available at the Wachusett dam at 

Clinton. The present power plant at that point has a capacity 

equal to that of the Wachusett Aqueduct, hence no new units 

would be required in order to take advantage of the new supply 

from the proposed Swift River Reservoir. 

The use of the Swift River water would also add to the avail¬ 

able power at the Sudbury dam, but before very many years, 
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in case it is desired to take full advantage of the power possi¬ 

bilities in connection with the new supply, extensive alterations 

would be required at this plant, since the structure which 

contains the present Sudbury power plant was originally a 

gatehouse and was not intended as a power station. It will 

not pay to make alterations until some future time when the 

draft on the new supply is materially increased. Hence, the 

cost of such changes has not been included in the estimates 

of cost of the proposed works. 

4 

CONCLUSIONS —METROPOLITAN DISTRICT SUPPLY. 

Financial Statement. 

The greater part of the works required for an additional 

water supply for the Metropolitan District under the plan 

herein recommended will be adequate for a very long period 

in the future, and this consideration should be taken into ac¬ 

count in the payment of indebtedness created for the construc¬ 

tion of the works. The serial bond method of financing the 

cost of public works with equal or nearly equal payments on 

principal over a stated period is generally advantageous as a 

method of meeting the indebtedness for public improvements, 

and in most cases insures payment for the bulk of the works 

during the period of their greatest use. But in the case of a 

large water supply project such as here proposed, which requires 

a long period for construction and the use of which will increase 

as time goes on, such a method of financing would involve a 

large expense for payments on indebtedness, even before the 

bulk of the works could be completed, and long before they 

would come into full use. 

The present water supply system of the Metropolitan Water 

District was financed under the sinking fund method, and 

with the able manner in which these funds have been handled 

the plan has proved in all respects a most satisfactory one. 

The annual cost of payments on indebtedness for the $40,000,- 

000 debt created gradually increased to a maximum of about 

$1,950,000 in 1912. Since 1905, however, with the growth in 

population, the per capita cost has gradually decreased, as 

shown in the following table:-— 
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Per Capita Cost of the Metropolitan Water Debt. 

Year. 

Per Capita 
Cost of Pay¬ 

ments on 
Account of 

Outstanding 
Debts. 

Year. 

Per Capita 
Cost of Pay¬ 

ments on 
Account of 

Outstanding 
Debts. 

1898 • • $0 44 1910 • • 11 89 

1899 62 1911 1 85 

1900 86 1912 1 82 

1901 1 35 1913 1 77 

1902 1 45 1914 1 53 

1903 1 80 1915 1 51 

1904 1 96 1916 1 50 

1905 2 06 1917 1 49 

1906 2 01 1918 1 49 

1907 1 92 1919 • 1 50 

1908 2 02 1920 • 1 47 

1909 • • 1 93 
\ 

The cost of interest and sinking fund taken together would 

now be less and in the future would probable continue to grow 

less, up to the time the bonds are paid, if the payments had 

been larger in the earlier years. But, on the other hand, such 

excessive amounts as would have been required in those years 

under the serial bond method of payment as commonly applied 

would have been a 'serious hardship during the construction, 

and in this instance during the earlier years of operation, of the 

works. During that period the population was much smaller 

than it is to-day, the income of the water departments less, and 

the water works had not become fully available for use. 

The annual cost of the present metropolitan water system 

will probably change but little in the next fourteen years ex¬ 

cept for a gradual increase in the cost of maintenance, while 

the total cost per capita will gradually decrease. In the year 

1935 nearly one-third of the bonds issued for the construction 

of the works will become due, and the cost for capital charges 

will then rapidly diminish for the next seven or eight years, 

when the bulk of the entire indebtedness will be paid. Linder 

these conditions, in financing the proposed new works, the con- 
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struction of which cannot be completed in any case before 1936, 

even if begun at once, it would be a great advantage if the 

payments on capital charges were made small in the beginning 

and were to increase materially when payments on the original 

debt begin to reduce rapidly the charge on that account in 

1936. 

The income of the water departments in the various cities 

and towns in the district is a constantly increasing one, and in 

many cases a considerable part of the receipts for water is used 

for other purposes. The extent to which the receipts may be 

expected to increase is such that by a reasonable arrangement 

of payments, whether by serial bonds or other method, little 

increase if any is likely to be required in the amounts to be 

charged for water, and then only in the period previous to the 

beginning of the retirement of the present metropolitan bond 

issue in 1935. 

A review of the financial conditions on which this conclusion 

is based will be found in an appended statement which shows 

that the per capita cost of operation of water works in the 

communities in the Metropolitan Water District is less in prac¬ 

tically all cases, except where, owing to summer residents, the 

population using the water is greater than indicated in the 

census returns, than in the cities and towns outside the Met¬ 

ropolitan Water District, a condition which would naturally be 

expected when the cost of operation of one large works is con¬ 

trasted with that of many smaller ones, even though the dis¬ 

tributing systems in the Metropolitan Water District are 

. separately and independently operated. 

Time required for Construction and Urgency of 

Preliminary Work. 

The first addition to the works recommended herein is the 
% 

construction of the proposed tunnel to the Ware River at Cold- 

brook. Assuming that no unusual difficulties are encountered, 

and that the work is carried on to the best advantage, it will 

require with the necessary preliminary work about six years to 

complete the tunnel to this point after the work is authorized 

by the Legislature. The time required for the completion 
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of the whole works from the beginning will be about fourteen 

years. During the latter two years of this period water can be 

stored in the Swift River Reservoir, so that an additional supply 

from the Swift River will be available for use ..after the end of 

the twelfth year. This conclusion is based on the assumption 

that the work will be carried on energetically from the begin¬ 

ning, and that no extraordinary difficulties or delays will be 

encountered. 

It will be feasible to vary the schedule of construction to a 

limited extent to meet unusual or unexpected circumstances 

affecting the growth of population or the use of water within 

the next few years, but if the plan is adopted it is essential 

that the preliminary work shall be begun at the earliest possible 

time, since this work is necessary before any construction can 

be undertaken. 

Of especial importance is the establishment of measuring 

stations to record accurately the river flow at all times, espe¬ 

cially in the watersheds of the Ware, Swift and Millers rivers. 

Such records should be made available to all who may be 

interested in the use of the water of these rivers, whether for 

water supply or any other purpose. The measuring stations 

already established and long maintained in these valleys should 

be continued and such others established as are necessary in 

connection with the proposed future use of these rivers in part 

for water supply purposes. At the same time, the stations es¬ 

tablished in connection with this investigation for the accurate 

measurement of rainfall in these watersheds should be continued 

and supplemented so far as may be necessary to determine 

with reasonable accuracy the precipitation upon which the 

flow of the streams depends. 

It is important, both to insure the quality of the water 

and to provide against possible droughts, that a large storage 

be secured as soon as possible after the supply is first made 

available. This requires the completion of the reservoir on the 

Swift River in advance of large consumption needs, in order 

that it may fill rapidly while the necessary drafts therefrom are 

comparatively small. 

Too much emphasis cannot be placed upon the fact that any 

adequate extension of the metropolitan water supply must be 
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inevitably of great magnitude, and must require many years for 

proper preparation and completion. 

It is needless to say that a comparatively small extra cost 

resulting from the early completion of the water works would be 

of little consequence compared with the losses from a general 

shortage of water. Furthermore, the extra cost due to need 

for haste in construction might be very considerable in case 

the beginning of construction is delayed. 

Where the public health, comfort and safety are so vitally 

concerned, especially in a district which comprises nearly half 

the population of the State, it is most essential to make such 

provision for the needs of the district as will prevent danger of 

shortage of water at any time. 

General Summary. 

The consumption of water in the Metropolitan Water District 

at the present time practically equals the amount of good water 

obtainable in dry years from Wachusett Reservoir, Sudbury 

Reservoir and Framingham Reservoir No. 3. This fact has 

not been as apparent as it otherwise might be because of the 

excessive rainfall in the past few years, as a result of which, 

especially in 1920, considerable quantities of water were neces¬ 

sarily wasted from these reservoirs. 

In view of the impending shortage, preparation should be 

made for filtering the water from the southern Sudbury and 

Cochituate sources in season to prevent any excessive lowering 

of the storage in the Wachusett system. 

All the existing sources together are likely to be inadequate 

for the district alone, at the expected rate of growth, by 1928 

or 1930. Should the requirement be increased by the addition 

of other municipalities or by the increase in the use of water by 

the municipalities now entitled to take water from the district 

sources, the time during which these sources would be adequate 

would be shortened by an amount depending considerably upon 

the uncertain quantity of the rainfall from year to year. 

There is no doubt that an additional water supply should 

be obtained for the district as early as possible, and the results 

of the investigation show clearly that the most appropriate 
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method of enlargement would be to take flood waters from the 

Ware River. At the same time, the initial steps should be 

taken in a plan for adding a much larger quantity of water by 

the construction of a reservoir on the Swift River which would 

make available the flood flows of that stream as well as those 

of the Millers River. 

The essential feature of the plan herein presented is the tak¬ 

ing and storing in an adequate reservoir of the water of the 

freshets and of the higher flows of several rivers for water 

supply uses, thus avoiding diversions of water from any of 

these watersheds at times when the flow is materially below 

the average. Every year millions of gallons of water run to 

waste down these rivers, useless for any practical purpose and 

sometimes in quantities to cause damage to or interference with 

industries in the mills and villages below. It is the flood waters 

and the higher flows that it is proposed to divert for water 

supply when the flow is more than 1.2 cubic feet per second 

per square mile, or a little less than 800,000 gallons per day 

per square mile. The flows below that amount will be allowed 

to continue to run in the rivers at all times, except in the case 

of the Swift River, where they can be stored if desired and be 

discharged to the best advantage of those using the water 

along the river below. 

Another essential feature of this plan is that it lends itself 

in a remarkable degree to gradual development step by step, 

and involves no expenditure for temporary or makeshift con¬ 

struction. It thus allows the details of the construction to be 

modified by circumstances and requirements which may appear 

from time to time. Beginning with the diversion of the upper 

portion of the Ware River watershed, the plan not only provides 

for extension to the Swift River, but looks ahead ultimately 

to a longer future and to a very much larger supply by diver¬ 

sions from other watersheds into the proposed Swift River 

Reservoir, following the same principle of utilizing only the 

higher flows, for the most part in excess of the requirements of 

present users. Such a policy of preparation for the future is 

essential in case of this most important public utility. 

This plan develops the higher flows of the Ware, Swift and 

Millers rivers, and the large reservoir in the valley of the 
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Swift River provides a sufficient storage of water to meet the 

needs of the Metropolitan Water District for a very long time 

in the future. The greater part of the completed works will be 

useful for an indefinite period, and will provide insurance against 

drought as severe as any that has been experienced in the last 

one hundred years. Furthermore, enough water will be avail¬ 

able to provide not only for an enlarged district, but also for 

near-by municipalities, and even manufacturing centers far 

away, such as Worcester, whose supplies are either limited in 

quantity or are of poor quality for water supply purposes. In 

other words, it will give many municipalities an opportunity to 

join in a larger plan to their own advantage as well as that of 

the district itself. 

The new supply insures for the future the present high stand¬ 

ard of quality to which the people of the district have become 

accustomed, and allows a continuation of the varied uses to 

which the public waters are applied. The water obtainable 

under this plan will be drawn from watersheds even more 

sparsely populated than was the Wachusett when works for 

taking water from that watershed were planned. The only 

population of importance is found in two or three towns in the 

watershed of the Millers River and there is no question but 

that this can be dealt with satisfactorily. The water from all 

of the sources is clear and soft, and, while some of the waters 

contain considerable color, in no case is the color excessive, 

and it will practically disappear after storage in the proposed 

reservoir. The site of the proposed Swift River Reservoir 

is most favorable in that it contains no swamps of consequence, 

and the gravel and sand with which the valley bottom is filled 

is covered with comparatively little surface soil. It is unneces¬ 

sary, under the circumstances, to remove the soil from this 

great area as was done in the case of the Wachusett Reservoir. 

Finally, the proposed sources of supply will yield ample 

quantities of water without further expenditure for construc¬ 

tion during the life of long-term bonds. In other words, the 

expense can be distributed over a long period of years during 

which time no important new construction will be required 

until the debt can be wholly liquidated. 
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WATER SUPPLY OF SOUTHEASTERN MASSACHUSETTS. 

Southeastern Massachusetts, as designated in this report, 

includes the counties of Bristol, Plymouth, Barnstable, Dukes 

and Nantucket. The population of each in 1920 as shown by 

census records, with its area and population per square mile, 

is as follows: — 

* 
Population, 

1920. 
Area (Square 

Miles). 
Population per 
Square Mile. 

Bristol ........ 359,005 554.4 648 

Plymouth. 156,968 663.0 237 

Barnstable. 26,670 394.1 68 

Dukes. 4,372 105.8 41 

Nantucket. 2,797 49.5 57 

Totals and average. 549,812 1,766.8 311 

In the three counties of Barnstable, Dukes and Nantucket 

there are no cities or large towns, and water supplies of excel¬ 

lent quality, adequate for all purposes, are readily available 

to the municipalities in that part of the State. 

Water Supplies of Plymouth County. 

There are several municipalities in Plymouth County of 

importance in this connection which deserve special mention, 

among which is the city of Brockton which had a population 

in 1920 of 66,254. This city supplies water to several of the 

surrounding towns from Silver Lake, located in Kingston, 

Pembroke, Halifax and Plympton, and also retains for emer¬ 

gencies a storage reservoir on Salisbury Brook in Avon, from 

which the water supply of the city was formerly drawn. 

Practically all services are metered, and the average daily 

consumption of water in 1920 was 2,931,000 gallons, equivalent 

to 44 gallons per capita per day. 

Silver Lake furnishes water of good quality, soft and prac¬ 

tically colorless, and the quantity which it is capable of supply¬ 

ing is adequate for all present requirements of the city of 
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Brockton and the other communities supplied from this source. 

Its yield can be materially increased by diverting into it by 

gravity the flow of two streams, Howard and Pine brooks, 

which drain sparsely settled watersheds in the neighborhood of 

the lake. There are also other sources in this region which 

may be used if necessary in the future. There appears to be 

no necessity at the present time of providing further sources of 

water supply for this city nor for the group of communities 

dependent upon it for their water supplies. 

Next to Brockton the town of Plymouth is the largest munici¬ 

pality in Plymouth County, with a population in 1920 of 13,045. 

The water supply in this town is taken from Great South and 

Little South ponds, which have thus far been sufficient for all 

requirements. There are numerous other ponds in the town 

many of which contain water of good quality from which a 

further supply can be obtained when required. 

The towns of Abington and Rockland, having an aggregate 

population in 1920 of 13,331, obtain a joint supply from Great 

Sandy Bottom Pond in Pembroke. The water is soft, nearly 

colorless and naturally of good quality for water supply pur¬ 

poses, but the purity of this supply is menaced by the numer¬ 

ous cottages about the shores of the pond and within its water¬ 

shed. Either the cottages about the pond and other possible 

sources of pollution should be removed from the watershed, 

and adequate protection of the water supply secured, or the 

water should be filtered. This water supply can be supple¬ 

mented from other sources in the neighborhood when an addi¬ 

tional supply is required. 

Water Supplies of Bristol County. 

The county of Bristol is fifth in number of inhabitants in the 

State and fourth in density of population, the population per 

square mile being exceeded only by Suffolk, Middlesex and 

Essex counties. Five-sixths of the population is concentrated 

in the cities of New Bedford, Fall River, Taunton and Attle¬ 

boro, and most of the remaining municipalities of considerable 

population are adjacent to these cities. 

The city of Attleboro, population in 1920, 19,731, obtains 

its water supply from reservoir and ground-water sources in 
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the watershed of the Seven Mile River, and the consumption 

of water in the city has reached the safe yield of these sources 

of supply. There are other waters in the region about the city, 

however, from which an additional supply can be obtained in¬ 

dependently, and probably without special difficulty, so that 

in the light of present information it will be best probably for 

Attleboro to continue as at present to obtain a water supply 

from independent sources in the neighborhood of the city. 

The chief problems of water supply in southeastern Massa¬ 

chusetts are found, however, in Bristol County, and are espe¬ 

cially those of the large and growing manufacturing cities of 

New Bedford, Fall River and Taunton in the central and 

southerly part of that county. 

Present Sources of Supply, Population and Consumption 

of Water in New Bedford, Fall River, Taunton and 

Near-by Towns. 

The city of Fall River obtains its water supply at present 

from North Watuppa Pond, and the cities of Taunton and New 

Bedford, including the towns of Acushnet and Dartmouth, 

which are furnished with water by the city of New Bedford, 

take their supplies from the Lakeville Ponds. The population 

of the cities of NewT Bedford, Fall River and Taunton, including 

that of the towns of Dartmouth and Acushnet, now supplied 

with water by the city of New Bedford, has increased from 

144,728 in 1890 to 288,407 in 1920; that is, the population 

has doubled in thirty years. The aggregate quantity of water 

used in these municipalities in 1890 was about 7,000,000 gallons 

per day, while in 1920 it was about 19,950,000 gallons. The 

growth of these cities in the future will be affected doubtless 

by varying business conditions, changes in industries and other 

causes, and these causes will also affect the quantity of water 

which will be used from the public supply. The per capita 

consumption of water is gradually increasing here as elsewhere 

after the meter system has become established, and in mak¬ 

ing provision for future water supply requirements allowance 

must be made for further gradual increase in the per capita 

consumption of water. Assuming that these cities will continue 
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to increase in population in the future about as in the past, 

and allowing for a gradual increase in the consumption of water 

per capita, the probable future water supply requirements have 

been estimated as shown in the table which follows. 

Included in this table is an estimate of the probable future 

growth and water supply requirements of a number of towns 

situated in the neighborhood of the three principal cities in 

this region or in the region about the Watuppa and Lakeville 

ponds, some of which are already supplied with water from 

these cities or have rights reserved in the ponds, while the 

others are included for the reason that it seems likely that they 

will find it most convenient at some time in the future to ob¬ 

tain their wrater supplies either directly from one or the other 

of these groups of ponds or from municipalities supplied there¬ 

from. The towns included in this classification are Acushnet, 

Dartmouth, Middleborough, Somerset, Fairhaven, Freetown, 

Raynham, Westport and Lakeville. 
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Available Sources of Water Supply in Southeastern 

Massachusetts. 

In general this part of the State is a most unfavorable one 

in which to obtain water in large quantities which is of satis¬ 

factory natural quality for municipal water supply uses. The 

watershed of the Taunton River, which drains the greater part 

of Bristol County, and those of the small coastal streams lying 

between this watershed and the sea to the south and east are 

mostly quite flat with wide, shallow valleys, offering, as a rule, 

little opportunity for the construction of storage reservoirs of 

considerable capacity suitable for water supply uses. The val¬ 

leys, for the most part, contain extensive areas of swamps, 

and the largest aggregate area of swamp lands in the State is 

found in this region. Furthermore, many of the valleys are 

densely populated, and the streams which drain them are seri¬ 

ously polluted. In consequence of these conditions, the waters 

of the streams are generally highly colored and objectionable 

for w~ater supply uses. 

"While these conditions are the rule, this region contains, 

nevertheless, two remarkable groups of large natural ponds com¬ 

prising the largest natural reservoirs in the State — one the 

Lakeville Ponds, situated for the most part in Middleborough 

and Lakeville, and the other the Watuppa Ponds in Fall River 

and Westport. 

Description of the Watuppa Ponds and the Water Supply 

of Fall River. 

The North and South Watuppa ponds are situated in the 

city of Fall River and the town of Westport a short distance 

east of the thickly populated part of the city of Fall River. 

Though formerly connected, they are now separated by a cause¬ 

way which forms a dam, and the water of the North Pond is 

ordinarily kept a few inches higher than that in the South 

Pond. Together these ponds have a total length of 8 miles, 

while the maximum width of the North Pond is about 1 mile 

and that of the South Pond lj miles. 

The area and capacity of each of these ponds and the original 

drainage area of each, now considerably modified, are shown in 

the following table: — 
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Area and Capacity of Watuppa Ponds. 

Pond*. 
Drainage Area 
(Square Miles). 

Area (Square 
Miles). 

Approximate 
Capacity (Mil¬ 
lion Gallons). 

North Watuppa • ••••• 11.44 2.82 7,200 

South Watuppa • • * * • 16.10 2.42 8,000 

The population has encroached to such an extent upon the 

watershed of South Watuppa Pond that it is no longer prac¬ 

ticable to use that source for water supply even were its waters 

not required for other uses. 

The water supply of Fall River is taken from North Watuppa 

Pond and was introduced about the year 1875. The water 

of this pond is soft, clear and low in color and naturally of 

good quality for water supply purposes. As the city grew, 

however, the population extended into the watershed, and in 

order to protect its water supply the city began many years 

ago the purchase of lands about the pond and within its water¬ 

shed, and now controls about 3,295 acres of land for this 

purpose, or about 60 per cent of the total area of the water¬ 

shed of North Watuppa Pond. It was found to be imprac¬ 

ticable, however, to secure control of the lands in the thickly 

populated areas adjacent to the city, or of certain areas in 

Westport on the easterly side of the pond, which had also 

become thickly populated, and in order to protect the water 

supply adequately it was found necessary to divert the flow 

of water from these areas through intercepting drains into the 

South Pond. The intercepting drain along the westerly shore 

of North Pond has been constructed and is now in operation, 

and plans for the intercepting works on the easterly side of the 

pond have been completed, but the work was interrupted by 

the war. $ $ $ 

These diversions are|as* follows: — 

West Shore Intercepting Drain (now in Operation). 

Cress Brook . 
Highland Brook 
Terry Brook . 
Area in County Street 

Total 

n 
Square M les 

47 
1.08 

.22 

.55 
2.32 
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Ralph and Nat Brooks, Proposed Diversions. 

North Nat Brook. 
South Nat Brook. 

Part of Ralph Brook. 

Total. 

Total North Pond diversions . . . . . .2.90 

The effect of these changes upon the drainage area of North 

Watuppa Pond is as follows: — 

r\ • • in • square 
Original drainage area: Miles. 

Land surface.8.62 

Water surface . . . . . ..2.82 

Total.11.44 

Area after present and proposed diversions: 

Land surface.5.72 

Water surface.2.82 

Total...8\,54 
.2ft 

The drainage area of the South Pond has been augmented 

correspondingly by these diversions. 

The safe yield of the North Pond depends to a considerable 

extent upon the amount of storage utilized in dry years. The 

Watuppa Reservoir Company owns the flowage rights in North 

Watuppa Pond, though the city of Fall River has the unlim¬ 

ited use of the water for domestic purposes, and negotiations 

are pending for the control by the city of the flowage rights 

in the pond. 

North Watuppa Pond, in dry periods, will provide a safe 

yield of about 7,000,000 gallons per day by drawing down the 

level of the pond about 5 feet. An additional amount can be 

obtained by further depletion of the storage, but it is desirable 

to retain a large amount of water in the pond for the purifica¬ 

tion and protection from pollution which storage affords. The 

quantity of water which this source is now capable of yielding 

with the pond drawn to a depth of about 5 feet is approxi¬ 

mately 10 per cent in excess of the consumption of water in the 
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year 1920, and is liable to be exceeded at any time; that is, 
1/ f 7 

the city of Fall River in that year was using nearly as much 

water as its source of supply will yield in a dry period, and an 

additional supply must be obtained for use in the immediate 

future. 

The water of North Watuppa Pond is naturally of excellent 

quality for domestic use, being soft and low in color, while the 

quantity of organic matter which it contains is usually small. 

The quality deteriorated considerably in the earlier years of the 

use of the pond up to the time of the completion of the inter¬ 

cepting drain in 1916. For nearly thirty years preceding that 

time the quantity of organic and mineral matter gradually in¬ 

creased. Since 1916 there has been an improvement, and the 

mineral and organic contents of the water have materially 

diminished. 

Investigations for Additional Supply by the City of 

Fall River. 

The Fall River authorities, well aware of the need of a further 

supply of water, have given the problem of additional supply 

thorough study within the past few years. At first sight 

South Watuppa Pond appears to be a readily available source, 

but aside from the fact that that pond is now exposed to pollu¬ 

tion in a rapidly increasing degree by the large population on 

its watershed, the pond is the main source of water supply for 

mechanical and manufacturing uses in the city, and a large 

part of the yield of the pond is used for such purposes. Fur¬ 

thermore, the maintenance of satisfactory sanitary conditions 

in the Quequechan River below the pond is one of the serious 

problems now under consideration, and the diversion of further 

quantities of water from the watershed of that stream is inad¬ 

visable in any case and would be objectionable under exist¬ 

ing conditions. Investigations for an additional water supply 

have included thorough studies by the engineers of the city of 

the practicability and cost of obtaining water from some of 

the watersheds east and north of North Watuppa Pond, and 

the more favorable of these sources have been very carefully 

examined, viz., Mill Brook, the watershed of which lies contig- 
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uous to that of North Watuppa Pond on the north, Copecut 

River, the headwaters of which lie farther to the east, and 

Bread and Cheese Brook, which drains an area somewhat 

farther to the south. 

The results of these investigations indicate that the cost of 

works for taking water from the more favorable of these sources 

would be large, while the quantity of water obtainable by any 

of these plans would be sufficient to meet the needs of the city 

for only a comparatively limited number of years in the future. 

The investigations of the city have also included the study 

of a plan for obtaining water from the Lakeville Ponds, and a 

comparison of the results of all the studies indicates that the 

last-named plan, while more expensive in the beginning, would 

in the long run prove to be the most desirable method of 

obtaining an additional water supply for Fall River. 

The Water Supplies of New Bedford and Taunton from 

the Lakeville Ponds. 

New Bedford. 

The water supply of New Bedford was introduced in 1869, 

the source of supply at that time being a storage reservoir on 

the Acushnet River north of the city. In 1886, at a time of 

shortage of water, a connection was made between Little 

Quittacas Pond and the Acushnet River, and this arrangement 

was continued for several years. In 1894 the city was author¬ 

ized to establish an additional water works near Little Quit¬ 

tacas Pond, and to divert water from Great Quittacas Pond 

through Little Quittacas for the use of the city. Works for 

this purpose were completed in 1899. Chapter 345 of the Acts 

of the year 1894, the act under which this water supply was 

established, contains the following provisions relative to the 

proposed sources of supply: — 

Section 1. The city of New Bedford is authorized to establish addi¬ 

tional water wrorks at or near the Little Quittacus pond, and all necessary 

conduits and other suitable structures for distributing water to, into and 

through said city from Great Quittacus pond through Little Quittacus 

pond; and may also take and hold by purchase or otherwise all lands, 

rights of way and easements necessary for holding and preserving such 

water and for protecting the purity of the same; . . . 
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Section 3. Said city may erect a dam between Great Quittacus and 

the Pocksha ponds with suitable waterways for the discharge or overflow 

of surplus waters from Great Quittacus into Pocksha pond, but said 
•waterways shall be so controlled by gates or otherwise as to prevent 

water from passing back from Pocksha to Great Quittacus pond. Said 

city may make such changes in any public way as are made necessary or 
proper by the construction of such dam, leaving such way in as good con¬ 
dition as before such alterations were made. 

Section 6. Said city shall be liable to pay all damages that may be 
sustained by any persons in their land by any taking thereof by said 

city, also by any flowage damages under this act, also by any owner of 
water rights on or below the Nemasket river, caused by the diminution 

of the natural flow of the waters from Great Quittacus pond under the 
provisions of this act. . . . 

Section 7. The city of Taunton shall be hereafter relieved from 

maintaining such proportion of the natural flow of the Nemasket river 

as the diminution of the natural flow of the waters from Great Quittacus 
pond under this act will represent. 

Under legislative authority the city of New Bedford, in 

connection with the construction of its water works, built a 

dam between Great Quittacas and Pocksha ponds which pre¬ 

vents water from the latter overflowing into Great Quittacas 

except at times of high water, but allows surplus water from 

Great Quittacas to overflow into Pocksha when necessary. 

The citv of New Bedford thus controls the entire yield of Great 
t/ V 

and Little Quittacas ponds. The safe yield of these sources is 

probably about 20 per cent greater than the quantity of water 

used in the citv of New Bedford in 1920. 
i/ 

The city of New Bedford at the present time supplies water 

to the adjacent towns of Dartmouth, Acushnet, and a small 

area in Freetown, the quantity used in Dartmouth in 1920 

having been 43,000 gallons per day, and in Acushnet 48,000 

gallons per day. The city is also authorized to sell water to 

Lakeville. 

The old storage reservoir on the Acushnet River has not 

been used regularly for many years, but is still available for 

emergencies. The water of this reservoir has always been high 

in color, however, and contains a larger amount of organic 

matter than is found in the waters of most of the natural 

ponds in this region. The reservoir has an area of about 300 

acres, a storage capacity of about 400,000,000 gallons, and 
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receives the flow from a rather sparsely populated watershed 

of about 5.3 square miles. Its safe yield is probably about 

3,600,000 gallons per day. Its water could be used probably 

in an emergency provided proper sanitary inspections were 

maintained within the watershed, but at the present time 

water of this character with its excessive color would no doubt 

be objectionable unless filtered, and the expense of making it 

satisfactory for the use of the city would be large in proportion 

to the amount of water obtainable. 

Taunton. 

The water supply of Taunton is taken from Elders and 

Assawompsett ponds. Under present conditions water is 

pumped from Assawompsett Pond, at a pumping station located 

on its westerly shore about half a mile north of the point at 

which the outlet from Long Pond enters Assawompsett, to 

Elders Pond, whence it flows by gravity to the pumping 

station in Taunton through which it is supplied to the city. 

The works were completed in the year 1894. The legislation 

which authorized the city of Taunton to take water from these 

sources, chapter 217 of the Acts of the year 1875, contains 

the following provisions relating to the proposed sources of 

supply: — 

Section 1. The city of Taunton is authorized to take and hold the 

waters of either Taunton river, in the city of Taunton, or in the town of 

Raynham, or Elders’ and Assaw'ompsett ponds in the towns of Lake¬ 

ville, Middleborough and Rochester, and the waters in said towns which 

flow into said ponds, together with any water rights connected therewith, 

and may take and hold, by purchase or otherwise, such land around the 

margin of said ponds, not exceeding five rods in width, as may ba neces¬ 

sary for the preservation and purity of said waters, and may also take 

and hold such lands as are necessary for maintaining dams and reservoirs 

for the storage of said waters, and for laying and maintaining conduits, 

pipes, drains and other works for collecting, conducting and distributing 

said waters through said city of Taunton: provided, however, that if said 

city of Taunton take water from said Assawompsett Pond the said city 

shall construct and maintain a dam at the place where the Assawompsett 

Pond flowrs into Namasket River, not exceeding two and one-half feet in 

height above the mud sill as it nowr exists at said place; and provided, 

further, that if said dam shall not retain sufficient wrater for one year’s 

supply for the city of Taunton, then said city shall have the right to, and 
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shall raise said dam to such a height as will retain sufficient water for one 

year’s supply for said city of Taunton. It is also provided that the natural 

flow of said Assawompsett Pond into the Namasket River shall at all 
times be maintained. 

The available yield of Assawompsett Pond is far in excess of 

the quantity of water required by the city of Taunton, since 

Assawompsett Pond receives also the flow of Long and Pocksha 

ponds, and, in fact, of the entire drainage area of the Lakeville 

Ponds not controlled by the city of New Bedford. 

The Lakeville Ponds as Sources of Water Supply for 

the Joint Use of the Cities of New Bedford, Fall 

River, Taunton and Other Municipalities in their 

Vicinity. 

The Lakeville Ponds have been used as sources of wrater 

supply by New Bedford and the suburban towns which that 

city supplies, as well as by Taunton, through works installed 

more than twenty years ago. 

The entire group comprises five large lakes and a few smaller 

ones situated in Middleborough, Lakeville, Rochester and Free¬ 

town, at the headwaters of the Nemasket River, a tributary of 

the Taunton River, which enters that stream from the east a 

few miles northerly from the center of Middleborough. The 

ponds are shown on the accompanying map of this region which 

includes also North Watuppa Pond. 

The principal pond in the group is Assawompsett, while 

the others fall naturally into two groups both tributary to 

Assawompsett. The wraters of Elders Pond flow naturally into 

Long Pond and thence into Assawompsett near its southerly 

end, while on the easterly side the waters of Little Quittacas 

Pond flow naturally to Great Quittacas and thence in times 

of high flow to Pocksha Pond which is practically an arm of 

Assawompsett on its easterly side. The water from the entire 

chain of ponds formerly discharged into Nemasket River from 

the northerly side of Assawompsett Pond. The conditions of 

flow in these ponds have been materially changed, however, 

since the cities of New Bedford and Taunton began drawing 

water from some of them. Consequently, in very dry years 
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under present conditions little or no water overflows from 

Great Quittacas into Pocksha Pond, and Elders Pond no longer 

flows into Long Pond. In order to determine the probable yield 

of the Lakeville Ponds the available information concerning 

them has been collected, especially the surveys already made 

by the cities concerned, and, so far as practicable within the 

limit of the available appropriation, this information has been 

supplemented by additional surveys to determine the capacity 

of the ponds, the character of their watersheds, and the extent 

and character of the present occupation of the lands about 

them. The areas of the ponds and their watersheds, together 

with the capacity of each so far as determined by the surveys 

and observations, are shown in the following table: — 

Pond. 

Area of 
Watershed, 
including 

Water Sur¬ 
face (Square 

Miles). 

Area of 
Water Sur¬ 

face (Square 
Miles). 

Storage 
Capacity 

(Million Gal¬ 
lons). 

Elevation 
at which 
Data are 
taken1 

(Boston City 
Base). 

Long Pond . . . 21.22 2.80 5,730 -41.45 
' 

Assawompsett and Pocksha ponds . 1347 4.20 8,900 45.79 
V? A ) 
40.07“ 
St, // 

Great Quittacas Pond .... 11.42 1.81 4,990 

Little Quittacas Pond .... 1.39 .50 1,030 -69.57 
--- --<■ ' ' ; 

Elders Pond. .53 .22 692 -93.54 

Totals ....... 47.73 9.53 21,342 - 

1 These elevations, observed on March 18, 1920, are the highest recorded during the progress of 
the surveys. 

Safe Yield of Lakeville Ponds. 

From the information secured it appears that by using the 

storage to its full practicable extent the total watershed tribu¬ 

tary to this group of ponds above the outlet of Assawompsett 

Pond is capable of yielding in a series of dry years about 

42,000,000 gallons per day. The ponds are so large in propor¬ 

tion to the areiTofTEeir watersheds, however, that by diverting 

water into them from adjacent and very sparsely populated 

areas in the region about them a much larger supply can be 

secured than their own watersheds will furnish. The safe yield 

of their present watersheds alone, assuming that the city of 
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Fall River will continue to use the North Watuppa Pond to its 

full practicable extent, will probably be sufficient to meet the 

requirements of the cities and towns likely to be supplied from 

them for the next thirty-five years. 
% 

Swamp Areas. 

The watersheds of these ponds, like most watersheds in this 

region, contain extensive areas of swamps, the improvement of 

which will be necessary to maintain and improve the quality 

of the water in the ponds. These swamps, which have an ag¬ 

gregate area of 5.34 square miles, fall naturally into two classes, 

the first of which includes those which are adjacent to the 

streams tributary to the ponds, such as the swamps adjoining 

Black Brook, Fall Brook at the southerly end of Long Pond, 

and Elders Pond Brook, which contain in the aggregate some 

2,400 acres. The brooks which drain these swamps have suf¬ 

ficient fall, for the most part, to allow for their adequate drain¬ 

age by means of suitable channels and appurtenant works. 

The second group includes those swamps which are adjacent 

to the shores of the ponds themselves. There are about 48 

swamps, large and small, in this class having an aggregate area 

of approximately 1,016 acres and a total frontage bordering 

the ponds of about 41,800 feet. They occupy about 23 per 

cent of the shore line of the ponds and extend back from the 

shores for distances varying from 100 to 4,600 feet. Their 

surfaces lie, for the most part, little above the normal high- 

water surfaces of the ponds, but by drainage, diking or other 

means they can be either drained or so dealt with as to prevent 

them from affecting seriously the condition of the water in the 

ponds. These low-lying swamps offer separate problems which 

require detailed study and individual solution. 

Quality of the Water. 

The water of all the Lakeville Ponds is very soft and natu¬ 

rally of excellent quality for water supply uses. The compara¬ 

tively low color of the water of most of these ponds is in 

remarkable contrast to that of their chief tributaries, among 

wThich are some of the most highly colored waters in the State. 
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The change in color as the water passes from the tributaries 

to the outlets of the ponds is well illustrated in the following 

diagram, which shows the changes in color from Fall Brook 

through Long Pond and Assawompsett Pond to its outlet and 

also to Elders Pond, and the change in color from Black Brook 

through Great and Little Quittacas ponds to the New Bedford 

pumping station whence the water is drawn for the supply 

of that city. 

Color and its Elimination. 

The high color of the waters of the tributaries of these ponds 

is due to the slow passage of these waters through the swamps 

already mentioned which cover an area of some 5.34 square 

miles, or about 11 per cent of the entire watersheds of the 

ponds. Under the conditions found here much of the water 

remains long in contact with leaves, grasses and other vegeta¬ 

tion from which it absorbs organic matter and iron, and while 

these substances themselves and the resulting high color are 

innocuous, a high color is objectionable in a drinking water and 

should be eliminated. The high color which the water acquires 

persists until it is exposed to sunlight and other influences in 

its passage through the ponds. The color is then rapidly re¬ 

duced by dilution with the rainfall, with water not affected 

by passage through swamps, and also by bleaching and the 

other actions that take place in a large reservoir. When the 

water finally reaches the outlet of the last pond of the series 

the color is reduced to a comparatively small amount. 

The extent of this improvement depends largely, no doubt, 

upon the length of time that elapses in the passage of the water 

through the ponds, and if the water in storage should be drawn 

to a low level so that the colored water of the tributaries could 

pass through more rapidly, there would be less improvement 

than at present. For this reason it is important that as the 

draft increases in the future the color of the waters of the tribu¬ 

tary streams shall be reduced by drainage so far as necessary 

and practicable to prevent them from raising the color of the 

water of the ponds to an objectionable degree. 





y 
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Protection of the Purity of the Water of the 

Lakeville Ponds. 

For many years after the general introduction of public 

water supplies was begun in this country little or nothing was 

known of the possible effects of the pollution of a water supply 

upon the public health. For the past thirty years, however, the 

public has grown constantly more insistent upon the mainte¬ 

nance of the purity of its water supplies and upon keeping them 

free from pollution. It was an early recognition of the require¬ 

ment that the water supplies be kept free from the wastes of 

human life and industry which led to the acquisition of large 

areas of land about the shores of some of these ponds, including 

those used directly as sources of water supply by the cities of 

New Bedford, Fall River and Taunton. The city of Fall River, 

as already indicated, has acquired a large part of the water¬ 

shed of North Watuppa Pond, and the city of Taunton owns 

the land bordering Elders Pond, together with a considerable 

area near the westerly and northerly shores of Assawompsett, 

while the city of New' Bedford, after it had obtained the right 

to the use of Great and Little Quittacas ponds for its future 

water supply, set about securing the control of the lands about 

these two ponds, purchasing some of them and securing others 

subject to a life tenure by their owners, until at the present 

time the city controls a large part of the entire watershed of 

these ponds and their tributaries. But while the lands around 

Great and Little Quittacas and Elders ponds are largely now 

in municipal control, practically all of the shores of Long and 

Pocksha ponds, and most of those of Assawompsett Pond, are 

still in private hands. The recent surveys show that the total 

number of dwelling houses, camps and other buildings located 

on the shores of these ponds, or within their watersheds, amount 

to about 342. A classification of the lands within approxi¬ 

mately 1,400 feet of the shores of these ponds, including the 

islands, is given in the following table:—- 
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Occupation and Use of Lands adjacent to Long, Assawompsett and Pocksha 

Ponds. 

Cottage and camp lots 

Private estates and parks 

Farm land .... 

Heavily wooded land . 

Scrub land .... 

Swamp land 

Land owned by municipalities 

Total .... 

Land. Acres. 

228 

171 

92 

609 

1,060 

836 

108 

3,104 

The assessed valuation of the buildings and land privately 

owned and included in the foregoing table is estimated as 

follows: — 

Buildings.$385,000 

Land. 304,000 

Total.$689,000 

If the present conditions in these watersheds should continue, 

and a much larger population should occupy the shores of 

these ponds or locate within their watersheds, the quality of 

their waters would be impaired and their advantages for use as 

sources of water supply would be largely lost. The control of 

the lands about the shores of the principal ponds of the group 

should be secured without delay in order to maintain satis¬ 

factory conditions about these ponds in the future. This will 

become more and more important as greater quantities of 

water are required for the supply of the cities and towns in 

this region, and if longer delayed the cost may become exces¬ 

sive. 

Method of Control of the Lakeville Ponds for Water 

Supply Purposes. 

The improvement and protection of these great natural 

reservoirs can best be secured by united action of the munici¬ 

palities interested, the cost to be divided proportionately 
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among those interested. This purpose could be effectively car¬ 

ried out, no doubt, by the creation of a water supply district 

in this part of the State to include the cities of Fall River, 

New Bedford and Taunton, and such of the towns in the 

vicinity of these cities or in the vicinity of the Lakeville Ponds 

as may desire to join. This would involve the creation of a 

commission composed of members clothed with sufficient au¬ 

thority for the purpose under a legislative act following the 

general method adopted at the time of the creation of the 

Metropolitan Water District. Each municipality would still 

maintain under such a plan its own individual water system 

as is the case in the Metropolitan Water District. To the 

commission would be left all questions relating to securing, 

protecting and developing to their full extent the water sup¬ 

plies in these ponds. The commission should be authorized 

to acquire lands within the watersheds and construct and main¬ 

tain necessary dams and other appurtenances, together with all 

drainage works needed for the improvement and maintenance 

of the water in the ponds, in the best condition. They should 

also have control of the enforcement of rules for the sanitary 

protection of the water and the policing of the watersheds and 

the ponds and of the location of all intakes or connections 

with the ponds. If the areas of land bordering upon the 

ponds, but as yet unoccupied, should be secured in the begin¬ 

ning, the remaining holdings might be acquired as opportunity 

should offer, perhaps in part at least after the method followed 

by the city of New Bedford in acquiring the control of the 

lands within the watersheds of Great and Little Quittacas 

ponds, subject to their continued use by the present owners 

where such an arrangement should be found advantageous or 

desirable. Some of these holdings, however, are a menace 

to the purity of the water, and such as are possible sources of 

danger should be secured and objectionable use thereof pre¬ 

vented at the earliest practicable time. All such questions 

could be left to the commission, which should be invested with 

adequate powers for securing and maintaining control of these 

most important sources of water supply to meet the needs of 

the large and growing population in the municipalities in this 

part of the State. 
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This region is one of the most rapidly growing districts in 

the State, and this opportunity to secure an excellent water 

supply adequate for a very long time in the future should not 

be lost. 

Respectfully submitted, 

X. H. GOODNOUGH, Chief Engineer, 

Joint Board on Water Supply 

Needs and Resources. 

I 
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Appendix A. 

FINANCIAL STATEMENT CONCERNING THE MET¬ 

ROPOLITAN WATER DISTRICT WITH REFER¬ 

ENCE TO AN EXTENSION OF THE WATER 

SUPPLY WORKS. . . 

By Bertram Brewer, Principal Assistant Engineer. 

Legislation creating the Metropolitan Water District was 

enacted in 1895, and work was begun on the Wachusett division 

of the water works the following year. Early in 1906, or after 

eleven years had passed, the existing works had been acquired 

and the Wachusett dam was completed — in fact, the new 

works were practically finished. All the municipalities now 

included in the district had joined by that time, with the excep¬ 

tion of Swampscott which did not enter until 1909. Up to and 

including 1906 sums of money amounting to $40,500,000 in all 

had been borrowed. Since that date varying amounts have been 

borrowed from year to year for those incidental or minor con¬ 

struction items of work such as will be required as long as the 

system lasts. The average amount, $174,876, may be said to 

represent a fair average expenditure for each of those years, 

and may be used as a basis for forecasting expenditures for inci¬ 

dental or minor construction work from year to year in the 

future. 

By 1920 the district had contributed $36,000,000 for payment 

of and interest on the total debt of $42,947,000 which had been 

undertaken, and the accumulated sinking funds in December of 

that year amounted to about 41 per cent of the total sinking 

fund debt of $40,500,000 which had been incurred at the close of 

1906. Nl 

The foregoing facts, together with related information, are 

shown in the following tables. 
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The following table is a brief summary of the history of the 

formation of the Metropolitan Water District as it is now con¬ 

stituted : — 

Table No. 1. 

Municipality. Entrance Legislation. 
Date of En¬ 

trance. 
Remarks. 

Arlington Acts of 1895, chap. 488 Jan. 31, 1899 Entrance fee, $15,000, and 
property valued at $15,000. 

Belmont Acts of 1895, chap. 488 1895 In original district. 

Boston (including Acts of 1895, chap. 488 1895 In original district. 
Hyde Park). 

Chelsea Acts of 1895, chap. 488 1895 In original district. 

Everett Acts of 1895, chap. 488 1895 In original district. 

Lexington . Acts of 1895, chap. 488 Feb. 13, 1903 Entrance fee $27,250. 

Malden Acts of 1895, chap. 488 1895 In original district. 

Medford Acts of 1895, chap. 488 1895 In original district. 

Melrose Acts of 1895, chap. 488 1895 In original district. 

Milton . Acts of 1902, chap. 307 March 10, 1903 Entrance fee, $10, previous 
payments by Milton Water 
Company being considera- 
tion in part for admittance. 

Nahant Acts of 1895, chap. 488 Sept. 13, 1898 Entrance fee, $20,000, and an 
annual payment of $800 un¬ 
til Swampscott shall begin 
to buy water. 

Newton . Acts of 1895, chap. 488 1895 In original district. Takes 
no water; pays an annual 
standby charge. 

Quincy Acts of 1895, chap. 488 June 24, 1897 Entrance fee, $5. 

Revere Acts of 1895, chap. 488 1895 In original district. 

Somerville . Acts of 1895, chap. 488 1895 In original district. 

Stoneham . . Acts of 1897, chap. 473 May 23, 1901 Entrance fee, $30,000. 

Swampscott Acts of 1908, chap. 560 May 3, 1909 Entrance fee, $90,000. 

Wakefield . Acts of 1902, chap. 488 Not yet entered — 

Watertown . Acts of 1895, chap. 488 1895 In original district. 

Winthrop . j 
Acts of 1895, chap. 488 
Acts of 1898, chap. 295 | June 29, 1898 { 

In original district, but mem¬ 
bership confirmed by act 
of 1898. 
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The sinking fund bonds issued for the metropolitan water 

supply, with dates of maturity and accumulation of sinking 
funds as of Dec. 1, 1920, are as follows: — 

Table No. 2. 

December, 

Date of Issue. Maturity. Amount of 
Loan. 

1920, 
Sinking Fund 
Accumulation. 

1895, 1896 and 1897 July, 1935 . 

18981 . July, 1938 . 

1899-1900 . July, 1939 . 

19012 . January, 1941 

1902 . January, 1942 

1903 and 1904 January,1943 

1904 . January,1944 

1905 . January, 1945 

1906 . January, 1946 

1909 . January, 1949 

1910 . January, 1950 

Totals . « • • 

$13,000,000 $6,831,143 14 

4,000,000 1,815,707 41 

4,000,000 1,624,975 24 

10,000,000 3,595,259 80 

3,500,000 1,191,549 58 

2,000,000 621,396 14 

2,000,000 575,861 29 

650,000 203,438 90 

1,350,000 339,922 14 

398,000 74,188 98 

500,000 79,722 53 

Remarks. 

1896, Wachusett Aqueduct 
begun. 

1897, Wachusett Reservoir 
begun and temporary 
dam built for diverting 
water. 

1898, water passed through 
Wachusett Aqueduct. 

1900, Wachusett dam begun. 

1903, Weston Aqueduct com¬ 
pleted. 

1905, Wachusett Reservoir 
completed. 

1906, Wachusett dam com¬ 
pleted. 

$41,398,000 $16,953,165 15 

1 $5,025,000 paid toward acquiring existing water works. 

2 $7,768,948.80 paid to city of Boston in 1901. 

Beginning in 1911, and since that time, only serial bonds have been issued, and the various 

issues of these bonds have been as follows : — 

1911 . 

1912 . 

1913 . 

1914 . 

1915 . 

1916 . 

1917 . 

1918 . 

1919 . 

1920 . 

Total . 

Date of Issue Amount. 

$200,000 

190,000 

258,000 

490,000 

66,000 

150,000 

161,000 

34,000 

$1,549,000 

Net amount outstanding April, 1921, $1,284,000. 

Total gross debt incurred, $42,947,000. 
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The statement was made in the report of 1895, on a metro¬ 

politan water supply, to the effect that the financial condition 

of the water works systems which were to be incorporated into 

the new district was such that they could, in the years from 

1893 to 1903, incur an expenditure for new works, including 

those for local distribution, of $18,465,000 without any increase 

in the rates for water that were then current. The study which 

seemed to warrant these conclusions covered the period from 

1883 to 1893. 

A very careful investigation would be required of the finances 

of each of the municipalities included in the district in order 

to show how nearly the prophecy of 1895 has been fulfilled. 

As has been stated, the debt for the metropolitan water works 

has really cost the district only about $36,000,000 to date, and 

certainly such liquidation as has been accomplished has been so 

easily borne that rates have been lowered, metering has been 

carried forward very rapidly, and, notwithstanding all this, in 

some cases the water department has presented to the city, or 

has been called upon to present to the city, a large surplus 

for use for other than water works purposes. Of course, in 

later years the World War with its aftermath has affected the 

water works business, and it has cost more to supply water as 

well as other commodities. 

It is an illuminating commentary, however, on the remarkable 

showing that the district has made, both in procuring and dis¬ 

tributing water, that the excess revenue has been large enough to 

take care of all the added expense and leave in the aggregate a 

comfortable surplus for new works. 

The financial history of the Metropolitan Water District, be¬ 

gun in 1898 and continuing through 1920, furnishes a period of 

twenty-three years from which to make a forecast at this time 

of the ability of the district to construct new works and assume 

the new debt which will be caused thereby. Much of this 

period has been used in a study which has been carried on ac¬ 

cording to the following plan, beginning with 1905: — 

1. The gross revenue has been obtained for each of the municipalities 
for the years in question. 

2. The expenditure for local construction has been ascertained, in¬ 

cluding extension of mains, new services, meters, hydrants, etc., and also 

a similar item of minor construction work on the metropolitan system 

itself, as indicated by the debt incurred since the time when the Wa- 

chusett dam was wholly completed. 

3. Maintenance and operating expense, both local and metropolitan, 

has been obtained for each of the years. 
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The gross amounts for each year under the several classifica¬ 

tions have been reduced to a per capita basis, and from the 

record so obtained per capita figures for the income and all the 

various items of outgo have been forecasted for each of the 

quinquennial years from 1925 to 1970 and these per capita 

figures have been multiplied by the population forecasts used 
in the report of the chief engineer for the proper year. The 

actual cost of interest on as well as amortization of existing 

debts can be and has been forecasted with considerable accuracy 

both in the case of local as well as metropolitan debts, and 

these amounts have also been prepared for subtraction from 

income. 

Finally, by subtracting the sum of the items of outgo from the 

gross operating income, there remain the amounts which repre¬ 

sent the sums which in the aggregate are likely to be available 

from time to time from municipalities in the Metropolitan Water 

District for the payment for new works if the water rates continue 

about as they are at present. Of course, in some of the munic¬ 

ipalities in the district the financial conditions are not as good 

as in others, and this study was of necessity of the district as a 

whole. 
Most of the details of the calculations have necessarily been 

made with the slide rule, but the figures are in every case within 

the limits of accuracy necessary for this statement. 
This study shows that the total amount available for new 

works from 1925 to 1970 is likely to be over $160,000,000. In 

all probability this estimate of $160,000,000, which the cities 

and towns now in the Metropolitan Water District will accumu¬ 

late in the aggregate and which can be used for new works, is too 

small because of additions to income on account of increased 

consumption which are not included. There will certainly be a 

growing use of water and a larger income from a given number 

of people. Undoubtedly there will be other cities and towns 
which will join the Metropolitan Water District and will share 

in the expense. This will increase the amount available to pay 

for new works, and will make the cost less to those municipalities 

now in the district. 
The price for water decreases with a larger use of the com¬ 

modity, and there are other factors to be taken into account, 

so that the increased income will not be proportional to the 

increased use, but it is entirely true that, with the larger use 

and the certain increase in income which will follow, the estimate 
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of $160,000,000 excess income probably errs on the side of 

conservatism. 

The history of the existing metropolitan water supply sinking 

fund debt is exceedingly interesting and furnishes a remarkable 

example of successful financing of a big debt by the sinking 

fund method of liquidation. The sinking funds have been so well 

managed that they have grown much faster than was anticipated, 

partly because of sagacious investments in gilt-edged bonds pur¬ 

chased well below par, and later marked up to par for the sink¬ 

ing fund, partly because of the higher rates which capital has 

been able to earn in recent years, and partly because of certain 

receipts1 which have been added to the sinking funds. The 

annual additions to the fund due to these various causes have 

varied from 3.19 per cent in 1906 to 5.14 per cent in 1919, and 

the average amount from 1905 to 1920, inclusive, was 4.39 per 

cent. This average is higher than in most cases where sinking 

funds have been used to amortize public debts, and in this 

particular case the debt has cost the district less by this method 

of financing than by the serial bond method. 

Notwithstanding the unusual success attending the method of 

liquidating this particular debt, the sinking fund method of 

liquidation has been superseded in this State by the serial bond 

method on account of its simplicity of execution, the greater 

opportunity for insuring uniformity and regularity in paying for 

public works, and the saving of interest charges by annual pay¬ 

ments to reduce the capital sum. 

Coming now to the financing of the proposed extensions of 

the metropolitan water works, including the reservoir on the 

Swift River, a study has been made to ascertain how its cost can 

best be met by the serial bond method. The estimated cost of 

$60,000,000 will, of course, be distributed as the takings are 

made and the construction proceeds over a long term of years, 

probably fourteen or more. For the purposes of this study a dis¬ 

tribution of the expenditures has been forecasted and a program 

of the annual requirements prepared. We have, then, about 

$160,000,000 surplus in the Metropolitan Water District alone 

which will accrue during the years from 1925 to 1970 — forty- 

five years to take care of a debt of $60,000,000. 

1 Of this amount there was distributed back to the cities and towns of the district $219,865 65 

For payment of interest, sinking fund requirements and expenses of maintenance 

and operation there was allotted. 568,588 82 

To credit of loan fund. 349,342 67 

To credit of sinking fund. 461,218 50 

Total receipts to Dec. 31, 1919.$1,599,015 64 
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By the serial bond method of payment of a debt of $60,000,000, 

based upon equal annual payments, the payments would be as 
follows: — 

Payments on principal.$60,000,000 

Interest charges at 4 per cent. 55,200,000 

Total.$115,200,000 

A diagram showing the results of the analysis of income and 

outgo for the past fifteen years, together with a forecast of the 
same from 1920 to 1970, is given. 

The diagram shows the probable trend of the growth of the 

surplus of income. Especially noteworthy is the probable rapid 

increase in the years from 1935 to 1945. It follows that while 

the total surplus will be sufficient to amortize a very large debt, 

much larger, in fact, than the one now contemplated, it will be 

necessary to defer payment or at least pay only a small amount 

on the principal in the earlier years, as was done in connection 

with debts of the Metropolitan Water District and the Metro¬ 

politan Sewerage District, to avoid raising the water rates during 

the next few years. By the year 1940, or about that time, de¬ 

pending upon the progress of the work and the interest rate 

at which the bonds can be sold, the annual surplus will become 

sufficient to warrant the assumption of full annual payments on 

the principal of the debt. 

In addition to the investigation of the income and outgo of 

the various municipal water departments, as well as of the 

finances of the Metropolitan Water District, a particular study 

has been made of the finances of the cities and towns in the 

district and in other near-by municipalities for the year 1920. 

A table appended hereto shows the results of this study. The 

cities and towns are listed therein in accordance with the total 

per capita cost of maintenance and operating expenses for that 

year, with the metropolitan municipalities in one type and those 

outside the Metropolitan Water District in another. The per 

capita gross revenue and the per capita cost of all the other 

items of outgo, as well as that for maintenance, are also given. 

It is interesting to note that, of the 32 cities and towns listed, 

11 of the 18 municipalities in the Metropolitan Water District 

and 3 more with only one town intervening, — practically 14 out 

of the total 18 taking water from the supply of the district, — 

stand at the head of the list. 
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The comparatively low cost of the maintenance and operating 

expenses to the communities which depend upon the metropolitan 

water supply is a remarkable commentary upon the advantages 

of co-operative effort in the supply of this necessary commodity. 

The success attending this effort indicates that the most prac¬ 

ticable method by which greater economies can be secured in the 

future is to be found through enlargement of the Metropolitan 

Water District by the inclusion of other near-by municipalities 

and by establishing new district water supplies in other parts of 

the State. 
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Financial Statement of Waterworks of the Metropolitan Water District and 

Near-by Municipalities. 

[Arranged in order of 1920 Maintenance Cost.] 

Per Capita. 
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Metropolitan Water 1,206,703 80 62 80 62 
_ 81 47 81 47 82 09 

District. 
Everett 40,120 83 26 80 37 42 79 $0 22 1 00 1 22 2 01 
Chelsea 43,184 3 30 56 41 97 34 97 1 31 2 28 
Somerville 93,091 2 82 66 41 1 07 01 96 97 2 04 
Medford 39,038 2 54 79 29 1 08 - 69 69 1 77 
Malden 49,103 2 86 80 33 1 13 20 78 98 2 11 
Revere 28,823 3 16 89 36 1 25 70 86 1 56 2 81 
Belmont 10,749 3 56 91 38 1 29 23 88 1 11 2 40 
Melrose 18,204 3 04 91 38 1 29 1 25 90 2 15 3 44 
Arlington 18,665 4 11 1 07 37 1 44 1 88 89 2 77 4 21 
Quincy 47,876 5 59 1 09 53 1 62 1 89 1 25 3 14 4 76 
Winthrop 15,455 3 74 1 30 34 1 64 1 02 82 1 84 3 48 
Winchester1 10,485 3 77 1 82 — 1 82 86 - 86 2 68 
Stoneham 7,873 6 13 1 44 43 1 87 1 28 1 03 2 31 4 18 
Watertown 21,457 7 72 1 35 53 1 88 1 19 1 26 2 45 4 33 
Boston 748,060 4 58 1 21 75 1 96 08 1 77 1 85 3 81 
Lynn . 99,148 8 99 2 15 - 2 15 1 28 - 1 28 3 42 
Waltham 80,915 8 99 2 19 — 2 19 83 - 83 2 52 
Newton2 46,054 4 14 2 16 04 2 20 1 93 10 2 03 4 23 
Wakefield 18,025 4 69 2 22 2 22 1 41 - 1 41 8 63 
Lexington 6,350 4 65 1 84 43 2 27 3 03 1 01 4 04 6 31 
Saugus 10,874 2 46 2 29 - 2 29 1 07 - 1 07 3 36 
Weymouth 15,057 8 83 2 41 - 2 41 1 01 — d 01 3 42 
Canton 5,945 3 06 2 51 - 2 51 1 29 - 1 29 8 80 
Milton . 9,382 6 75 2 24 42 2 66 1 54 1 00 2 54 5 20 
Needham 7,012 4 01 2 78 - 2 78 2 39 - 2 39 5 17 
Swampscott 8,101 5 48 2 29 50 2 79 1 83 1 20 3 03 5 82 
Brookline 87,748 4 29 2 83 - 2 83 1 10 — 1 10 8 93 
Wellesley 6,224 6 23 8 07 - 3 07 2 80 — 2 80 5 87 
Braintree 10,580 4 86 8 11 - 8 11 74 — 74 3 85 
Cambridge 109,694 4 36 3 15 - 8 15 55 — 55 3 70 

Woburn 16,574 4 00 4 77 - 4 77 2 15 — 2 15 6 92 

Nahant3 1,318 11 16 5 70 97 6 67 2 30 2 30 8 97 

1 Gravity supply except for a very small portion which is pumped. 

2 Supplied from its own works up to the present time. 

3 The large summer population not considered. 

Note. — Municipalities outside the Metropolitan Water District shown in italics. 
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Appendix B. 

REPORT IN REGARD TO FILTRATION OF> THE 

WATER OF LAKE COCHITUATE AFTER RECEIV¬ 

ING WATER DIVERTED FROM FRAMINGHAM 

RESERVOIR NO. 2, ASHLAND RESERVOIR, HOP- 

KINTON RESERVOIR, ETC. 

By H. W. Clark. 

Boston, Mass., May 9, 1921. 

To the Joint Board on Water Supply Needs and Resources of the Common¬ 

wealth, Dr. Eugene R. Kelley, Chairman. 

Gentlemen: — I make the following report in regard to the 

storage and filtration of the water of Lake Cochituate and other 

water, especially that from Framingham Reservoir No. 2, Ash¬ 

land Reservoir and Hopkinton Reservoir, which, for purposes of 

this report, it is assumed might be diverted into the lake. 

REPORT. 

Lake Cochituate, from which water for the supply of Boston 

began to be taken in 1848, has a water surface of 776 acres, a 

maximum depth of 72 feet, and an available storage capacity, 

as estimated by the engineers of the Metropolitan Water Board, 

of 2,242,000,000 gallons. 

The larger portion of the lake is natural, but it has been raised at 

three different times, first in 1844 and last in 1859, a total of 7 feet, flood¬ 

ing to a depth of about 6 feet a large area of meadow, nearly all of it at 

the southerly end of the lake. — Report of the State Board of Health 
for 1890. 

Its total contributing watershed was formerly 19.75 square 

miles, and the lake supplied in ordinary years about 15,000,000 

gallons of water daily. By turning a portion of the flow of the 
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Sudbury River from Framingham Reservoir No. 2 into the lake 

through Course Brook, the supply taken from it was increased 

at times to approximately 30,000,000 gallons daily. During 
the past thirty or more years, however, but little Sudbury River 

water has been turned into the lake, generally only enough in 

certain years to keep the lake to a desired level. It was for 

many years the principal source of supply of Boston, and with 

the water from the Sudbury River it continued to be used until 
the introduction of the metropolitan water supply. 

Assuming that enough of the Sudbury River water from 

Framingham Reservoir No. 2, Ashland, Hopkinton and other 

reservoirs will be turned into the lake to make the total supply 

that can be taken therefrom approximately 32,000,000 gallons 

daily, about 15,000,000 gallons would be true Lake Cochituate 

water and 17,000,000 gallons river water from the reservoirs 

named. It is also assumed that the supply taken from the lake 

will be filtered before delivery to the Metropolitan Water 
District. 

It is also assumed in this study that the water from Framing¬ 

ham Reservoir No. 2 and from other reservoirs will not be 

diverted daily throughout the year, but that it will be passed into 

the lake in large volumes through the winter and spring months, 

volumes amounting at times, perhaps, to 35,000,000 or more 

gallons a day, depending on the capacity of the proposed aque¬ 

duct. The total volume of water drawn each year from Lake 

Cochituate, from 1887 to 1920, inclusive, is shown in a following 

table (Table No. 1). This table shows that from 1887 up to 

and including 1897 water drawn from the lake averaged about 

15,000,000 gallons daily. Following this there were two years 

when the volume averaged 4,500,000 gallons daily, and after 

this water was taken very irregularly, none being drawn in 1910, 

1914, 1915 and 1916, and generally but small volumes during 

all these remaining years up to and including 1920. Since 

1887 frequent analyses of the lake water have been made by the 
Department of Public Health, and a table presenting the average 

yearly results of these analyses is given below (Table No. 2). 

It will be seen from the table that the color of the water has 
varied according to our laboratory determinations from minimums 

of .13 in 1911, .18 in 1912, and .19 in 1915, to maximums of 

.41 in 1889, .38 in 1897, and .37 in 1898. The yearly rainfall at 

Framingham for all these years is also given in a subsequent 

table (Table No. 3) and indicates that to some extent low color 

has followed a year or years of low rainfall, although the period 
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of storage of the water in the lake has had a much greater effect. 

Up to and including the year 1904 the determinations of the 

color of the samples of water were made by the natural color 

standard, so called. This standard was inaccurate and gave 

lower readings than the platinum standard which has been used 

since January, 1905. On this account it has been necessary in 

this report to transform all the color readings previous to 1905 

to the platinum standard. 

Two quite elaborate studies comparing these two standards 

have been made in different years, — one by Frederick S. Hollis 

(Boston Water Board Report, 1893), and the other in the labora¬ 

tories of the Department of Public Health. The conversion table 

of the latter has been used here and shows that the color of the 

water taken from the lake during the years 1887 to 1904, inclu¬ 

sive, was considerably greater than the color determinations 

made during that period seemed to show. The color of the lake 

water for the period of eleven years, 1887 to 1897, inclusive, 

when about 15,000,000 gallons were being drawn daily, wTas .29. 

During the next twelve years, 1898 to 1909, inclusive, when the 

lake was still being drawn upon but to a very much less degree, 

the color averaged .27, and from 1910 to date, during which pe¬ 

riod but little water has been taken from the lake, the color has 

averaged .20. 

The population upon the watershed of the lake has increased 

from 13,740 in 1890 to 17,756 in 1920 (Table No. 4), and during 

this period its watershed has been diminished from approximately 

19 square miles to 17.58 square miles, Dug Pond, Dudley Pond 

and a portion of Cochituate village having been diverted. The 

increase in population upon the watershed is largely responsible 

for the increase in the chlorine contents of the water in the lake, 

shown in the table below. Part of this increase is due, perhaps, 

to the fact that little Sudbury River water low in chlorine has 

been diverted to the lake during these years. The chlorine 

averaged .45 part in 100,000 from 1887 to 1891, inclusive, the 

first five-year period shown on the table, and averaged .70 from 

1916 to 1920, inclusive, the last five-year period shown on the 

table, — an increase of nearly 80 per cent. The organic matters 

shown by the determinations of free and albuminoid ammonia 

and oxygen consumed have fluctuated to a considerable extent, 

and show on the whole a considerable increase, the averages for 

the first five-year period shown in the table being .0022, .0196 

and .41, respectively, and for the last five-year period, .0037, 

.0242 and .70, respectively. The total residue and suspended 
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matters have fluctuated also, but with a tendency to increase 

during recent years when little water has been taken from the 

lake. The lake w^ater has had through all these years of exam¬ 

ination generally a somewhat disagreeable vegetable or earthy 

taste and odor, these tastes and odors being largely due to 

abundant growths of Aphanizomenon. Asterionella has been 

found in great abundance at times and occasionally Anabsena 

and Dinobryon, but these latter infrequently in such numbers 

as to give their characteristic taste or odor to the water. The 

bacterial contents of the lake water have been determined "weekly 

for many years by the Metropolitan Water Board, and these re¬ 

sults, together with the results of determinations of microscopic 

organisms, are shown in a following table (Table No. 5). Occa¬ 

sional bacterial examinations have been made by the Department 

of Public Health, and a summary of some of these results is 

given in Table No. 6. 

Quite extensive bacterial studies were made in 1911 for the 

Joint Board (State Board of Health and Metropolitan Water and 

Sewerage Board) concerning the character of Lake Cochituate 

water and the advisability of filtration, and the following state¬ 

ment was made by that Board: — 

The average number of bacteria per cubic centimeter found in the 
water of Cochituate Aqueduct as it enters Chestnut Hill Reservoir, for 
the four years 1906 to 1909, was found to be 5^ per cent of the average 
number per cubic centimeter in the water entering the lake through the 
principal inlets; namely, Beaver Dam and Course brooks, through Cir¬ 
cular Dam, Snake Brook and the effluent from Pegan Brook filters; and 
observations made during the present investigation show a similar reduc¬ 
tion in numbers and present a very satisfactory water entering Chestnut 

Hill Reservoir. 
This result gives nearly complete assurance that all of the disease 

germs entering the lake by these inlets are removed by storage in the 
lake and aqueduct before reaching Chestnut Hill Reservoir. This result 
together with the continued maintenance of the quality of the water as 
shown by chemical analysis, and the fact that no injurious effects have 
in the past been known to result from the use of this water, convince us 
that the public health does not at present require that the water drawn 
from Cochituate Lake through the Cochituate aqueduct should be filtered. 

The more recent bacterial results taken in connection with the 

effect of increase in surrounding population, etc., show that this 

water should, if it continues to be used as a water supply, be 

filtered (Table No. 6). 
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It is, of course, impossible to state with accuracy the absolute 

character of the water that would be diverted. The average 

analyses of the water of Framingham Reservoir No. 2 from 

1905 to date are, however, as given in a following table (Table 

No. 7), and the average color of the water of Hopkinton and 

Ashland reservoirs during these years is also given in a follow¬ 

ing table (Table No. 8). The average color of the waters from 

these reservoirs has varied considerably during these years, as 

shown in the tables, the color of the Framingham Reservoir 

No. 2 water varying from .62 to .91, the Hopkinton Reservoir 

water from .43 to .74, and the Ashland Reservoir water from 

.48 to .79. It is perhaps fair to assume — giving due weight 

to the color of the water of each reservoir —• that the water 

entering Lake Cochituate from these sources would have an 

average color not greater than .75, and a study of more detailed 

results than shown on the tables would indicate a maximum 

color of 1.10. 

The principal factor to be considered in the continued use and 

filtration of Cochituate water and the diverted water is the ques¬ 

tion of color reduction by storage and filtration, removal of 

bacterial pollution, organic matter, etc., being in this instance of 

minor importance; that is, easily accomplished by sand filtration. 

Many studies have been made in regard to the reduction of 

the color of water during storage, and many data have been given 

by different observers. It is, of course, a well-known fact that 

the greater the period of storage of water in reservoirs or else¬ 

where the greater the reduction of color, and it has also been 

shown that the reduction of color is proportional to the initial 

color. Decolorization will, if time be given, be carried to such a 

degree that water stored in clean reservoirs becomes practically 

colorless. Figures gathered to show the reduction in color of the 

Wachusett Reservoir water, and assuming that the color of the 

entering water can be accurately determined, have demonstrated 

that with a storage of 615 days the color of the water was re¬ 

duced 66 per cent; with a storage of 355 days, 49 per cent; and 

with a storage of 280 days, 48 per cent, the first data being 

collected from results during the years 1908 to 1914, inclusive, 

the second during 1907, and the third during 1906. During the 

past five years the average color of the water at the upper end 

of the reservoir — not the color of the entering streams — has 

been .25, and at the reservoir outlet, .15, — a reduction of 40 

per cent. The average color of the entering streams, namely, 

the Quinepoxet and Stillwater rivers, during these years was .50 
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and .36, respectively. Studies of color reduction in Ashland and 

Hopkinton reservoirs have shown that with 206 days’ storage, 

color has been reduced in Ashland water from 1.00 to .65, and 

with storage of 234 days in Hopkinton Reservoir, from 1.13 to 

.60, or 35 and 47 per cent, respectively. In all these studies 

the reduction of color of the entering water has been without 

admixture with water already stored within these reservoirs. 

In each case, however, there has been mixture with the ground 

water entering each reservoir and the rainfall on the surface 

of the reservoir, etc. Studies of other clean reservoirs in the 

State have shown similar color reductions. 

During the past four years an especially interesting demon¬ 

stration of the reduction of color during storage in reservoirs has 

been given at Wenham Lake, — the water supply of Salem and 

Beverly, — and the results obtained seem to be particularly 

applicable to this study. This lake is 320 acres in area,1 has a 

maximum depth of 47 feet, and a sand and gravel bottom. It 

was first used as a wrater supply in the year 1868. Up to the 

year 1895 the average color of the lake water was about .07. 

In that year a reservoir was built on Longham Brook and a 

conduit constructed to convey the Longham Brook water to 

Wenham Lake. Following this, the color of the lake water was 

increased to an average of .14 from 1895 to 1904, inclusive, and 

to .28 from 1905 to 1916, inclusive, the Longham Reservoir water 

having a color of 1.00 or greater. Beginning in 1917, wTater from 

the Ipswich River also began to be pumped to the lake in periods 

of high flow of the river, and a following table (Table No. 9) 

shows the volume of Longham Reservoir water and Ipswich 

River water passed into the lake during the years 1917, 1918, 

1919 and 1920, together with the average color of the waters 

coming from these two sources during each year, and the color 

of the water pumped to Salem and Beverly. Ipswich River 

water, according to the act creating the Salem-Beverly Water 

Supply Board, can only be taken between December 1 and June 

1, and only when the flow of the river is 20,000,000 gallons a 

day or greater. 
It will be seen by the table that the average color of the 

Ipswich River water pumped during these four years was .76, 

.92, 1.01 and .82, respectively, and the average color of Longham 

Reservoir water 1.32, 1.29, 1.07 and 1.23, respectively. The 

average color of the mixed water coming from these two sources 

into the lake during these four years — taking into consideration 

i Longley, N. E. W. W. Jour., March, 1916, says “250 acres.” 
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the volume of each — was probably about 1.07, 1.15, 1.06 and 

1.08, while the average color of the lake water as pumped to 

its consumers was .35, .37, .37 and .26, respectively. The 

maximum color of the water as pumped from the lake was .64, 

May, 1917; .52, September, 1918; .48, February and December, 

1919; and .46, March and August, 1920. 

During 1917 the water coming into the lake from these two 

sources, namely, the Ipswich River and Longham Reservoir, was 

equal to 70 per cent of that pumped from the lake; in 1918, 

66 per cent; in 1919, 72 per cent; and in 1920, 46 per cent. 

The average color of the mixed Longham Reservoir and Ipswich 

River water for the four years noted was about 1.09, and of the 

water pumped from the lake, .34; that is, taking the four years 

together there was an apparent color reduction of 69 per cent 

by mixture with the true lake water and the physical and 

chemical phenomena due to storage, this reduction being, how¬ 

ever, not more than 30 to 40 per cent during certain short pe¬ 

riods when large volumes of river water were pumped to the lake. 

A mixture of the three waters, that is, the true lake water, the 

Longham Reservoir water, and the Ipswich River water, allow¬ 

ing for the proportional volume of each, would have produced 

theoretically a water with an average color of about .77 in 1917, 

1918 and 1919, and .52 in 1920. As a matter of fact, the average 

color of the water at the pumping station for the first three of 

these years was less than one-half these theoretical colors, — a 

reduction of more than 50 per cent, and during 1920 exactly 50 

per cent. About 7,000,000 gallons of water a day as an average 

are pumped from the lake. 

There is no reason to suppose that the water coming from the 

reservoirs stated, namely, Framingham No. 2, Ashland and Hop- 

kinton, and diverted to Lake Cochituate, would have a color as 

great as the mixed water of Longham Reservoir and the Ipswich 

River now flowing or pumped to Wenham Lake. It is probable 

that the maximum color of this diverted water would not be 

over 1.10, — and this only happening occasionally, judging from 

the individual analyses of past years, — and that the average 

color will not be greater than .75. If approximately 17,000,000 

gallons of this water were diverted to the lake daily at its 

southern extremity, namely, coming in through Course Brook or 

Beaver Dam Brook, 2J miles from Cochituate Aqueduct, this 

water would be, theoretically, about 100 days in reaching the 

intake of this aqueduct if it moved in a solid body through the 

lake. 
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In a report of the Joint Board for 1912, the statement is made 

that “in the period of greatest flow of water from the south end 

of the lake of which we have record, it required about one and 

one-half months for a particle of water entering the lake from 

Beaver Dam Brook to reach the entrance of the aqueduct, and 

that during probably three-quarters of the year, when no water 

is wasting from the lake and the aqueduct is drawing all it can 

convey, the time required for a particle of water to pass up the 

lake from the southerly end would be as much as six months. 

The time required for a particle of water entering from Snake 

Brook to reach the aqueduct is estimated to be about four- 

tenths of the above periods.” 

The distance from the mouth of Course Brook to the aqueduct 

is approximately the same as from Beaver Dam Brook to the 

aqueduct. The movement of the water through the lake, how¬ 

ever, would be governed not only by the volume entering at one 

time and the distance to be traveled, but by stratification, by 

the seasonal overturn of the lake water, by the direction and 

force of the wind, by the temperature of the water and of the 

air, by the path of the current through the lake, and by its 

degree of admixture with the true lake water. It is evident, 

moreover, that the water diverted from the reservoirs will be 

passed into the lake during certain periods of the year only, and 

during these periods in volumes perhaps approximating 25,000,000 

or 35,000,000 gallons daily, depending on the capacity of the 

diversion works. Coming in in this way the time of storage in 

or passage through Lake Cochituate would be materially short¬ 

ened, and at times would not be greater, probably, than the 

period mentioned by the Joint Board of 1912 in regard to the 

maximum flow from Beaver Dam Brook, namely, 45 days. 

Lake Cochituate is fed by four brooks and, of course, receives 

much water through the ground and from the surface of the 

ground immediately around it. The four brooks are Beaver 

Dam, Course and Snake brooks (already named) and Pegan 

Brook. The water of three of these is generally quite highly 

colored, but by storage it is materially lessened as our analytical 

results of many years show. Few old records are obtainable of 

the color of the entering water. In a special report of the State 

Board of Health (1895), entitled “Report upon a Metropolitan 

Water Supply,” the statement is made that “the streams which 

feed Lake Cochituate supply water of nearly the same char¬ 

acter as those which feed the storage reservoirs upon the Sud¬ 

bury River; but Lake Cochituate furnishes a water having but 
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little color, while Sudbury River reservoirs furnish water having 

a marked brownish tinge. This difference is due to the fact that 

Lake Cochituate has a much larger storage capacity in propor¬ 

tion to the quantity of water entering it than the reservoirs upon 

the Sudbury River, and the water in this lake, therefore, has the 

opportunity to become very much improved by bleaching and 

other changes which take place from long storage.” The waters 

of Pegan Brook receiving considerable drainage are filtered be¬ 

fore entering the lake. The average color ol the waters of all 

these brooks for the past ten years, 1911 to 1920, inclusive, is 

shown in a following table. (Table No. 10.) It will be seen 

that the colors are comparatively high, especially of the brooks 

furnishing the larger volume of water. When 15,000,000 gallons 

were being taken from Cochituate daily, this water, with an 

average color of perhaps .60 or .65, was during storage and by 

addition of ground water, etc., reduced in color to an average of 

„28, but with maximums of .35 and .41 for certain years of that 

period. If enough water is diverted to the lake so that 32,000,000 

gallons are taken from it daily, the period of storage of the true 

lake water will be materially reduced — theoretically — about 

one-half, and it is probable that under such conditions its color 

will not get below .38 as an average, — an apparent color reduc¬ 

tion of about 40 per cent. The water diverted coming in with 

an average color of perhaps 75 will undoubtedly, judging from 

results from other reservoirs, especially the Wenham Lake re¬ 

sults, lose on an average at least 40 per cent of its color before 

reaching the entrance of the aqueduct, or at this point it would, 

without dilution, have a color of .45. It will be mixed with 

nearly an equal volume of true Cochituate water which enters 

the lake through various brooks with a color somewhat less. 

On the whole, it seems reasonable to assume that the color of the 

water at the aqueduct will seldom be greater than .40 to .45, 

even at periods when the greatest volume of water is being 

diverted from the reservoirs, and at times when small volumes 

are being diverted it will be as low as .35. 

In making this assumption it is necessary for confirmation to 

again turn to Wenham Lake results. From this lake, with an 

available storage of 900,000,000 gallons to a depth of 14 feet, 

and increased to about 1,200,000,000 gallons by drawing the 

lake down 20 feet, approximately 7,000,000 gallons are pumped 

daily, while from Lake Cochituate, with an available storage of 

2,242,000,000 gallons, it is proposed to draw four and one-half 

times as much daily, or 32,000,000 gallons. At Wenham Lake 
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the maximum amount of Longham Reservoir and Ipswich River 

water coming into the lake any one year has been 1,787,000,- 

000 gallons, while it is proposed to divert to Lake Cochituate 

about three and one-half times this volume, or approximately 

6,200,000,000 gallons, yearly. At Wenham Lake the diverted 

water, high in color, mixes with approximately one-third its 

volume of the true lake water, low in color, while at Cochituate 

the true lake water will be comparatively high in color. At 

Wenham Lake, Ipswich River water travels approximately 1 mile 

to the pumping station, and Longham Reservoir water three- 

fifths of a mile. At Lake Cochituate the diverted water would 

travel about 2\ miles. It is apparent that the period of storage 

at Lake Cochituate should, under these conditions of entering 

volume and distance traveled, be considerably shorter than the 

average period of storage of the two waters entering Wenham 

Lake, — perhaps only two-thirds as great. 

Taking all these factors into consideration, and knowing there 

is an apparent average color reduction of 65 per cent at Wenham 

Lake by storage and mixture with the true lake water with 

minimum reductions of 35 and 40 per cent, it is safe to assume 

an average 40 per cent reduction at Cochituate. The water 

coming to the aqueduct with an average color of .40 to .45, 

and with numbers of bacteria no greater than shown in the 

table, indicating but slight pollution, could be filtered through 

sand filters at a rate of 5,000,000 gallons per acre daily and 

be made absolutely safe. The filtered water would undoubtedly 

be fairly satisfactory in taste and odor all the time, and abso¬ 

lutely satisfactory in these qualities, except occasionally at times 

of maximum growths of taste and odor producing organisms in 

the reservoir. The filters would remove on an average ap¬ 

proximately 35 per cent of the color of the applied water, making 

the average color of the effluent about .25 with a maximum of 

.35 if the maximum color of the applied water is occasionally 

above .50, as may occur. Water of this color would not be 

entirely satisfactory perhaps to the Metropolitan District, as 

the average color of the water delivered in Boston for the past 

ten years has been about .15. The filtered water, however, 

would be almost always mixed with at least an equal volume of 

water from the Sudbury and Wachusett reservoirs, and its color 

lowered by this dilution to an acceptable point. 

Many sand filters furnish data showing that much greater 

color removal than here estimated would be accomplished by 

sand filtration of this water. Such filters, however, are generally 
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operated either at a very low and uneconomical rate, or ground 

water mixes with their effluent, or they receive water containing 

enough iron to oxidize and precipitate and thus aid color re¬ 

moval very materially, or water, the coloring matter of which is 

in a more colloidal state than I believe would be the case at 

Lake Cochituate. All things considered, it seems probable that 

the filtration results obtained at Wenham Lake are more di¬ 

rectly applicable to the Cochituate problem than any other 

available data, and fortunately an experimental filter l/200 of 

an acre in area and containing 5 feet in depth of sand has been 

operated at Wenham Lake a large part of the time since July, 

1916. The average color of the water applied to the filter has 

been .42, and of the effluent, .28, — a reduction of 33 per cent. 

The maximum color of the applied water has been .62, and the 

maximum color of the effluent .39. More than half of the sam¬ 

ples of applied water and effluent, moreover, have been collected 

during the colder months of each year when the color of the lake 

water has been the highest and conditions of weather least 

favorable to the most efficient filtration. 

Sand filters of the usual construction and operated at the rate 

of 5,000,000 gallons per acre daily would, besides reducing the 

color to the extent estimated, render the water clear, free from 

turbidity, low in organic matter and safe bacterially. Approxi¬ 

mately 40 per cent of the organic matter, determined as al¬ 

buminoid ammonia, would be removed, and more than 98 per 

cent of the bacteria. This water is at the present time but 

slightly polluted bacterially, and it is not probable that the true 

lake water and the entering or diverted water would for many 

years to come become polluted to such a degree that the rate of 

filtration would have to be decreased or the use of chlorine 

resorted to. There is no reason to suppose, moreover, that 

sand filtration would in this instance increase the carbonic acid 

of the water materially, and hence would not cause the water 

to be much, if any, more corrosive to service pipes than it is 

now. 



1922.] HOUSE —No. 1550 257 

Table No. 1. — Statistics in Regard to the Use of Water from Lake Co- 

chituate, 1887 to 1920, inclusive. 

Year. 
Number of 

Days 
Water taken. 

Volume 
of Water used 

(Gallons). 

1887 - 4,802,121,000 

1888 - 4,968,503,000 

1889 - 5,570,424,000 

1890 - 5,722,174,000 

1891 - 5,508,180,000 

1892 - 5,464,800,000 

1893 - 5,623,532,000 

1894 - 5,520,092,000 

1895 - 5,654,766,000 

1896 
\ 

- 5,731,790,000 

1897 - 5,738,704,000 

1898 143 1,662,575,000 

1899 102 1,702,725,000 

1900 215 4,466,140,000 

1901 307 5,434,850,000 

1902 259 4,440,225,000 

1903 282 3,875,935,000 

1904 259 5,484,144,000 

1905 249 5,589,245,000 

1906 237 4,850,120,000 

1907 216 4,160,270,000 

1908 108 1,473,882,000 

1909 126 2,472,510,000 

1910 
- - 

1911 210 3,475,600,000 

1912 100 770,900,000 

1913 62 885,300,000 

1914 - — 

1915 
- — 

1916 ■ . - 

1917 29 125,400,000 

1918 
12 154,500,000 

1919 65 713,900,000 

1920 
29 287,900,000 
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Table No. 2. —• Yearly Average Analyses of the Water of Lake Cochituate 

[Parts in 100,000.] 
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1887 .21 .26 5.08 .0017 .0186 - .44 - - 

1888 .19 .25 4.90 .0033 .0217 - .43 - - 

1889 .33 .41 5.08 .0025 .0210 .0033 .46 - - 

1890 .21 .26 4.74 .0016 .0184 .0035 .49 - 2.4 

1891 .24 .30 4.66 .0017 .0182 .0037 .42 - 1.8 

1892 .15 .21 4.61 .0018 .0168 .0035 .48 - 2.0 

1893 .21 .26 4.64 .0015 .0168 .0030 
i 

.46 .39 2.0 

1894 .20 .25 4.76 .0008 .0163 .0026 .51 .37 2.1 

1895 .25 .31 5.08 .0015 .0178 .0025 .51 .42 2.1 

1896 .28 .33 4.89 .0012 .0176 .0031 .50 .45 1.9 

1897 .31 .38 5.11 .0012 .0202 .0030 .52 .44 2.1 

1898 .30 .37 4.92 .0016 .0203 .0030 .47 .45 2.1 

1899 .22 .27 4.74 .0020 .0232 .0039 .43 .43 1.7 

1900 .14 .20 4.54 .0033 .0222 .0035 .43 .37 1.8 

1901 .26 .32 5.17 .0042 .0239 .0039 .41 .48 2.1 

1902 .25 .31 4.77 .0028 .0192 .0031 .42 .46 1.9 

1903 .23 .28 4.91 .0020 .0188 .0029 .46 .44 2.0 

1904 .21 .26 4.85 .0025 .0198 .0029 .50 .43 2.1 

1905 - .25 4.80 .0026 .0213 .0046 .50 .42 1.8 

1906 - .26 5.21 .0030 .0223 .0041 .51 .46 1.8 

1907 - .24 5.19 .0036 .0233 .0057 .51 .42 2.0 

1908 - .26 5.40 .0023 .0218 .0058 .59 .43 2.1 

1909 - .24 5.21 .0029 .0221 .0049 .54 .42 2.0 

1910 - .23 5.90 .0021 .0205 .0041 .61 .37 2.2 

1911 - .13 5.97 .0021 .0199 .0041 .65 .34 2.4 

1912 - .18 6.35 .0014 .0278 .0104 .69 .40 2.6 

1913 - .20 6.93 .0025 .0328 .0141 .71 .39 2.6 

1914 - .23 6.25 .0025 .0260 .0072 .68 .40 2.3 

1915 - .19 6.12 .0068 .0238 .0052 .66 .39 2.4 

1916 - .23 6.67 .0060 .0236 .0054 .72 - 2.5 

1917 - .20 6.56 .0044 .0239 .0048 .71 - 2.4 

1918 • - .19 6.41 .0029 .0262 .0070 .73 - 2.5 

1919 - .20 6.46 .0024 .0270 .0064 .70 - 2.7 

1920 - .22 6.12 .0027 .0204 .0044 .64 - 2.6 
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Table No. 3. — Rainfall, in Inches, Framingham Rain Gage. 

Year. Rainfall 
(Inches). Year. Rainfall 

(Inches). 

1887 42.45 1904 41.70 

1888 59.94 1905 41.83 

1889 53.08 1906 41.54 

1890 52.72 1907 42.10 

1891 49.11 1908 34.14 

1892 41.90 1909 40.70 

1893 48.90 1910 34.64 

1894 40.29 1911 36.85 

1895 51.40 1912 39.62 

1896 43.21 1913 44.45 

1897 44.89 1914 35.33 

1898 54.27 1915 43.04 

1899 36.59 1916 39.29 

1900 48.90 1917 40.79 

1901 54.70 1918 39.77 

1902 48.19 1919 45.78 

1903 • - 43.25 1920 50.33 

Table No. 4. — Cochituate Watershed. — Sanitary Census by Districts 
for 1920. 

District. 

Population. 

Permanent. Summer. 

IN DWELLINGS NOT CON¬ 
NECTED WITH SEWER. 

Total. Per Square 
Mile. 

Cochituate watershed: 

Snake Brook . • 643 212 643 179.6 

Pegan Brook . • 4,747 48 240 107.1 

Course Brook • 788 - 588 162.9 

Beaver Dam Brook • 11,578 66 1,757 215.6 

Totals • 17,756 326 3,228 183.6 
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Table No. 5. — Bacteria and Microscopic Organisms in Lake Cochituate 
Water. 

Bacteria Standard Units 
Year. per Cubic Centi- of Microscopic 

meter. Organisms. 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

dZ 

145 544 

104 992 

113 1,139 

149 697 

168 937 

120 860 

172 838 

396 904 

145 1,042 

246 909 

138 1,073 

229 632 

- 556 

204 1,382 

450 3,887 

243 2,622 

201 2,032 

201 1,900 

- 2,708 

112 638 

194 2,766 

85 4,747 
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Table No. 6. — State Department of Public Health Results of Bacterial 

Examinations of Samples of Water from Lake Cochituate. 

Date. 

Bacteria per 
Cubic Centimeter. 

24 Hours, 37° C. 
B. CoLI IN — 

Total. Red. 1 c. c. 100 c. c. 

May 1, 1911 10 6 0 + 

Oct. 18, 1911 1 0 0 + 

Oct. 18, 1911 0 0 0 + 

Nov. 14, 1911 3 0 0 • + 

Nov. 14, 1911 0 0 0 + 

Nov. 14, 1911 0 0 0 + 

Nov. 14, 1911 0 0 0 + 

Nov. 14, 1911 0 0 0 + 

Nov. 14, 1911 0 0 0 + 

Nov. 22, 1911 12 3 0 0 

Nov. 24, 1911 25 2 + + 

Nov. 24, 1911 16 1 0 + 

Nov. 24, 1911 0 0 0 + 

Nov. 24, 1911 0 0 0 0 

Nov. 24, 1911 15 5 + + 

Dec. 4, 1911 20 12 0 + 

Dec. 4, 1911 1 0 0 + 

Dec. 4, 1911 0 0 0 + 

Dec. 6, 1911 0 0 0 + 

June 24, 1913 8 5 + + 

June 24, 1913 20 10 0 + 

June 24, 1913 18 3 0 + 

June 24, 1913 8 0 0 +* 

June 24, 1913 8 1 0 + 

June 24, 1913 20 0 0 + 

July 21, 1913 5 1 0 

July 21, 1913 20 13 0 + 

July 21, 1913 28 14 0 + 

July 21, 1913 12 5 + + 

July 21, 1913 9 7 0 + 

July 21, 1913 16 4 0 + 

Aug. 19, 1913 150 5 + + 

Aug. 19, 1913 120 10 + + 

Aug. 19, 1913 • • 160 0 0 + 

+ indicates present 0 indicates none found. 
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Table No. 6. — State Department of Public Health Results of Bacterial 

Examinations of Samples of Water from Lake Cochituate — Concluded. 

Date. 

Bacteria per 

Cubic Centimeter. 

24 Hours, 37° C. 
B. Corn in — 

Total. Red. 1 c. c. 100 c. c. 

Aug. 19, 1913. 100 20 + + 

Aug. 23, 1913. 200 0 + + 

Aug. 23, 1913. 225 5 + + 

March 12, 1914. 36 32 0 + 

March 12, 1914. 7 3 0 0 

April 15, 1914. 18 3 0 + 

April 15, 1914. 20 15 0 0 

Sept. 13, 1917. 3 0 0 - 

Sept. 13, 1917. 2 0 0 + 

+ indicates present. 0 indicates none found. 

\ 

Table No. 7. — Yearly Average Analyses of Framingham Reservoir No. 2. 

[Parts in 100,000.] 
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1905 . .79 4.28 .0044 .0228 .0022 .32 .87 .9 

1906 . .70 4.10 .0034 .0217 .0022 .32 .76 .9 

1907 . .65 4.34 .0021 .0194 .0019 .33 .72 1.0 
1908 . .66 4.17 .0027 .0197 .0027 .35 .68 1.0 

1909 . .69 4.34 .0031 .0212 .0024 .34 .76 1.0 

1910 . .67 4.66 .0039 .0237 .0027 .40 .77 1.2 
1911 . .62 4.90 .0041 .0242 .0026 .42 .77 1.4 

1912 . .89 5.50 .0064 .0275 .0024 .44 .96 1.6 

1913 . .85 5.55 .0047 .0303 .0034 .44 .94 1.6 

1914 . .78 5.09 .0049 .0281 .0043 .44 .83 1.3 

1915 . .91 5.60 .0060 .0320 .0053 .46 .81 1.4 

1916 . .85 4.85 .0057 .0272 .0030 .42 - 1.2 

1917 . .72 5.27 .0048 .0253 .0032 .43 - 1.2 

1918 . .69 5.13 .0050 .0266 .0035 .44 - 1.6 

1919 . .79 5.66 .0060 .0265 .0025 .54 - 1.5 

1920 . .79 6.40 .0067 .0230 .0037 .62 - 1.6 
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No. 8. — Yearly Average Color of Hopkinton Reservoir and of 
Ashland Reservoir. 

Year. 

Color. 

Hopkinton 
Reservoir. 

Ashland 
Reservoir. 

.43 .48 

.53 .56 

.55 .57 

.54 .56 

.47 .55 

.48 .58 

.43 .48 

.69 .71 

.60 .67 

.50 .60 

.65 .60 

.74 .79 

.66 .65 

.53 .61 

.58 .56 

.60 .66 
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Table No. 9. — Statistics, Salem and Beverly Water Supply. 

Total storage, Wenham Lake (million gallons), 2,000. 
Upper 20 feet of storage, Wenham Lake (million gallons), 1,200. 
Ipswich River Pumping Station to Salem Pumping Station = 3,000 feet of 36-inch pipe; length 

of lake = 5,000 feet. 
Longham Outlet to Salem Pumping Station = 3,200 feet. 

Year. 

Million Gallons. Color. 

Pumped 
from Ipswich 

River. 

Drawn from 
Longham 
Reservoir. 

Ipswich 
River. 

Wenham 
Lake. 

Longham 
Reservoir. 

1917 .... 696.7 930.7 .76 .35 1.32 

1918 .... 636.9 1,016.5 .92 .37 1.29 

1919 .... 432.6 1,354.4 1.01 .37 1.07 

1920 .... 441.0 800.3 .82 .26 1.23 

1&17 . 

1918 . 

1919 . 

1920 . 

Pumped from Lake. 

. 2,324.9 million gallons, 70 per cent of this being Longham Reservoir and 
Ipswich River water. 

. 2,520.6 million gallons, 66 per cent of this being Longham Reservoir and 
Ipswich River water. 

. 2,483.0 million gallons, 72 per cent of this being Longham Reservoir and 
Ipswich River water. 

. 2,675.1 million gallons, 46 per cent of this being Longham Reservoir and 
Ipswich River water. 

Table No. 10. — Yearly Average Color of Four Brooks entering Lake 

Cochituate, 1911 to 1920, inclusive. 

Color. 

Year. 

Beaver Dam 
Brook. 

Course 
Brook. 

Pegan 
Brook. 

Snake 
Brook. 

1911 .96 .70 .20 .42 

1912 .96 .71 .21 .48 

1913 1.00 .72 .19 .47 

1914 .87 .79 .16 .41 

1915 1.47 1.09 .21 .53 

1916 1.05 .83 .08 .45 

1917 .79 .65 .11 .37 

1918 .74 .68 .14 .41 

1919 .74 .66 .14 .39 

1920 • • .62 .61 .15 .41 
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Appendix C. 

ANALYSES OF SAMPLES OF WATER FROM PRESENT 

AND PROPOSED SOURCES OF WATER SUPPLY OF 

THE METROPOLITAN WATER DISTRICT. 

Svrift River at West Ware. 

[Parts in 100,000.] 
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1920. 

November . .32 5.10 1.30 .0020 .0128 .0124 .0004 .18 .46 1.1 .045 

December . .35 5.55 1.85 .0023 .0095 .0082 .0013 .18 .45 1.2 .020 

1921. 

April . .25 3.80 1.00 .0018 .0108 .0100 .0008 .14 .48 1.1 .010 

May .30 2.90 1.00 .0004 .0082 .0078 .0004 .08 .58 1.3 .015 

June . .19 3.40 1.40. .0024 .0128 .0096 .0032 .15 .23 0.8 .030 

July . .45 4.60 1.80 .0024 .0130 .0106 .0024 .12 .65 1.0 .025 

September . .20 3.30 1.50 .0036 .0136 .0132 .0004 .18 .44 1.0 .030 

October .28 4.40 1.60 .0002 .0010 - - .14 .48 1.1 .027 

November . .37 4.80 1.80 .0012 .0118 - — .17 .48 1.4 .020 

Average .30 4.21 1.47 

i 

.0018 .0104 .0102 .0013 .15 .47 1.1 .025 

West Branch of Swift River at Enfield. 

1920. 

November . .20 4.50 1.50 .0016 .0096 - - .18 .46 1.0 - 

December . .i5 3.75 1.35 .0020 .0081 .0060 .0021 .14 .27 0.7 .012 

1921. 

March . .12 4.30 1.60 .0006 .0064 .0062 .0002 .19 .25 0.8 .012 

April . .15 4.40 1.70 .0006 .0076 .0074 .0002 .14 .35 0.8 .008 

May .12 3.00 1.10 .0002 .0072 .0046 .0026 .09 

O
O

 0.6 .007 

June .09 3.60 1.00 .0010 .0068 - - .14 .10 0.5 .018 

July .24 3.20 0.60 .0020 .0092 .0072 .0020 .11 .40 0.6 .012 

September . .15 3.90 1.40 .0076 .0096 - .18 .22 0.6 .018 

October .25 4.10 1.60 .0000 .0084 - .16 .43 1.3 .010 

November . .30 3.50 1.10 .0004 .0076 — .17 .50 1.4 .018 

Average .18 3.83 1.30 .0016 .0080 .0063 .0014 .15 .33 0.8 .013 
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East Branch of Swift River at Greenwich. 

[Parts in 100,000.] 
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1920. 

November . .70 4.10 2.20 .0056 .0204 .0192 .0012 .22 .72 1.1 .062 

December . .55 4.45 1.25 .0036 .0126 .0112 .0014 .20 .51 1.0 .026 

1921. 

March . .32 4.40 2.10 .0018 .0096 .0084 .0012 .22 .58 1.0 .015 

April . .35 4.30 1.50 .0040 .0236 .0196 .0040 .18 .72 0.6 .010 

May .50 3.70 1.50 .0004 .0116 .0094 .0022 .09 .82 0.6 .015 

June .40 4.30 1.90 .0028 .0200 .0156 .0044 .12 .52 1.1 .020 

July . .72 4.80 2.10 .0064 .0186 .0146 .0040 .12 1.04 1.3 .025 

September . .37 5.20 2.40 .0048 .0188 .0180 .0008 .12 .76 1.0 .020 

October .38 3.60 1.60 .0022 .0142 - - .14 .55 1.1 .020 

November . .40 4.50 1.80 .0028 .0126 - .18 .58 1.0 .035 

Average .47 4.34 1.84 .0034 .0162 .0145 .0024 .16 .68 1.0 .025 

Middle Branch of Swift River at Greenwich. 

1920. 

November . .30 4.00 1 10 .0056 .0156 .0148 .0008 .20 .40 1.0 .035 

December . .33 4.30 1 70 .0031 .0121 .0113 .0008 .15 .43 0.9 .017 

1921. 

March . .20 3.70 1 50 .0008 .0080 .0068 .0012 .16 .32 0.8 .020 

April . .27 4.00 1 70 .0006 .0104 .0098 .0006 .12 .68 0.8 .010 

May .30 3.00 1 20 .0006 .0094 .0080 .0014 .09 .56 1.0 .015 

June .25 5.00 2 20 .0012 .0108 .0084 .0024 1 .09 .31 0.6 .030 

July .52 3.60 0 80 .0030 .0126 .0102 .0024 ! .12 .68 1.0 .025 

September . .20 4.10 1 90 .0056 .0160 .0116 .0044 .18 .42 1.0 .015 

October .34 4.60 1 80 .0018 .0128 - - .15 .48 1.1 .012 

November . .40 5.40 2 .10 .0002 .0124 - - .16 .55 1.3 .025 

Average .31 4.17 1 .60 .0023 .0120 .0101 .0018 .14 .48 1.0 .020 
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Millers River above Athol. 

[Parts in 100,000.] 
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1921. 
June . .70 3.90 1.80 .0016 .0298 .0250 .0048 .14 0.80 - - 

July 1.15 6.40 3.40 .0046 .0268 .0228 .0040 .18 1.75 - - 

August .98 6.00 3.40 .0024 .0276 .0222 .0054 .32 1.88 - - 

September . .70 5.00 2.10 .0006 .0246 .0210 .0036 .30 0.76 - - 

October .50 5.20 2.20 .0004 .0178 .0170 .0008 .26 0.64 - - 

November . .54 5.70 3.00 .0012 .0160 .0140 .0020 .39 0.80 — — 

Average .76 5.37 2.65 .0018 .0237 .0203 .0034 .27 1.71 - - 

Ware River at Coldbrook. 

1920. 
November . .60 5.10 2.60 .0036 .0164 .0160 .0004 .29 .72 1.4 .032 

December . .53 4.90 2.10 .0024 .0156 .0137 .0019 .22 .52 0.8 .027 

1921. 
March . .35 4.10 1.80 .0012 .0148 .0136 .0012 .20 .46 0.8 .015 

April . .48 3.20 1.10 .0016 .0132 .0094 .0038 .12 .80 0.8 .015 

May .57 4.10 1.50 .0008 .0144 .0142 .0002 .15 .88 0.8 .025 

June .45 4.70 1.60 .0036 .0204 .0172 .0032 .22 .44 0.5 .070 

July .93 5.10 1.90 .0030 .0212 .0174 .0038 .14 1.20 0.5 .050 

September . .54 4.00 1.70 .0052 .0244 .0218 .0026 .13 .56 0.6 .060 

October .60 5.20 2.10 .0008 .0178 - — .16 .84 1.1 .035 

November . .62 5.40 2.00 .0014 .0118 — .22 .90 1.7 .050 

Average .57 4.58 1.84 .0024 .0170 .0154 .0021 .19 .73 0.9 .038 
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Stillwater River. 

[Parts in 100,000.] 
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1920. 
December . .42 3.97 1.27 .0019 .0115 .0106 . 0009 .17 - 1.0 .012 

1921. 
January .28 3.90 1.50 .0028 .0093 .0083 .0010 .20 - 1.0 .010 

February .17 3.10 1.15 .0004 .0070 .0058 .0012 .18 - 1.0 .012 

March . .25 3.32 1.30 .0008 .0095 .0084 .0011 .17 - 0.7 .015 

April . .32 3.25 1.32 .0009 .0120 .0113 .0007 .16 - 1.1 .009 

May .48 3.70 1.52 .0004 .0121 .0114 .0007 .12 - 0.5 .013 

June .24 4.47 1.45 .0011 .0115 .0102 .0013 .22 - 1.2 .021 

July .71 4.80 2.02 .0007 .0244 .0167 .0077 .18 - 0.9. .024 

August .40 4.17 1.70 .0008 .0178 .0157 .0021 .20 - 1.0 .018 

September . .19 4.02 1.35 .0011 .0113 .0080 .0033 .23 - 0.9 .020 

October .17 4.40 1.55 .0003 .0106 .0104 .0002 .28 - 0.7 .016 

November . .22 4.17 1.52 .0003 .0091 .0082 .0009 .24 - 1.3 .014 

Average .32 3.94 1.47 .0010 .0122 .0104 .0018 .20 - 0.9 .015 

Quinepoxet River. 

1920. 
December . .52 3.97 1.62 .0019 .0120 .0105 .0015 .24 - 0.7 .026 

1921. 
January .34 3.72 1.45 .0020 .0118 .0103 .0015 .21 - 0.9 .020 

February .21 4.00 1.62 .0008 .0097 .0079 .0018 .27 - 1.0 .016 

March . .28 3.62 1.17 .0006 .0116 .0087 .0029 .21 - 0.7 .010 

April . .39 3.72 1.60 .0011 .0141 .0114 .0027 .19 - 0.8 .010 

May . .51 3.35 1.47 .0003 .0132 .0109 .0023 .15 - 0.8 .012 

June .31 4.15 1.27 .0005 .0135 .0117 .0018 .34 - 0.7 .031 . 

July .62 4.15 1.92 .0008 .0209 .0170 .0039 .22 - 0.8 .020 

August .42 4.40 1.82 .0011 .0207 .0164 .0043 .31 - 0.8 .019 

September . .31 5.65 1.82 .0003 .0179 .0148 .0031 .66 - 1.1 .037 

October .32 5.00 1.65 .0002 .0186 .0165 .0021 .68 - 0.6 .022 

November . .29 5.17 1.75 .0006 .0168 .0126 .0042 .54 - 1.1 .034 

Average .38 4.24 1.60 .0009 .0151 .0124 .0027 .34 - 0.8 .021 
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Wachusett Reservoir. 

[Parts in 100,000.] 
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1920. 

December . .11 3.37 1.22 .0012 .0095 .0077 .0018 .28 . 1.0 .015 

1921. 

January .12 3.50 1.42 .0020 .0095 .0080 .0015 .23 - 0.9 .017 
February .13 3.72 1.40 .0015 .0094 .0080 .0014 .22 - 1.2 .008 
March . .13 3.75 1.37 .0014 .0104 .0092 .0012 .25 - 1.2 .010 
April . .16 3.47 1.42 .0006 .0104 .0095 .0009 .20 - 1.2 .008 
May .15 3.17 1.22 .0005 .0085 .0063 .0022 .20 - 0.7 .007 
June . .17 3.52 1.57 .0010 .0097 .0087 .0010 .16 - 0.8 .020 
July .11 3.80 1.40 .0018 .0141 .0120 .0021 .20 - 0.7 .005 
August .12 3.02 1.25 .0004 .0119 .0111 .0008 .26 - 1.0 .007 
September . .12 3.12 1.12 .0005 .0092 .0089 .0003 .23 - 1.1 .010 
October .11 3.50 1.12 .0006 .0098 .0076 .0022 .17 - 0.8 .017 
November . .11 3.40 1.30 .0015 .0096 .0084 .0012 .18 - 1.1 .013 

Average .13 3.45 1.32 .0011 .0102 .0088 .0014 .22 - 1.0 .011 

Sudbury Reservoir. 

1920. 
December . .10 3.20 1.05 .0006 .0102 .0090 .0012 .29 — 1.1 .010 

1921. 
January .16 4.15 1.60 .0018 .0120 .0102 .0018 .30 - 1.4 .020 

February .15 4.25 1.55 .0008 .0096 .0080 .0016 .29 - 1.4 .015 

March . .15 3.65 1.65 .0006 .0094 .0076 .0018 .25 - 1.6 .010 

April . .17 3.70 1.25 .0010 .0142 .0118 .0024 .20 - 1.7 .008 

May . , .16 4.70 2.10 .0006 .0116 .0104 .0012 .20 - 1.7 .010 

June . .19 3.95 1.65 .0018 .0184 .0134 .0050 .26 - 1.3 .035 

July .13 5.10 2.15 .0030 .0112 .0096 .0016 .26 - 1.1 .005 

August .16 4.20 1.85 .0014 .0134 .0110 .0024 .27 - 1.1 .015 

September . .11 3.75 1.50 .0010 .0144 .0124 .0020 .22 - 1.7 .012 

October .12 3.95 1.60 .0020 .0140 .0112 .0028 .28 - 1.0 .022 

November . .10 3.70 1.55 .0008 .0114 .0092 .0022 .20 — 1.1 .015 

Average .14 4.03 1.63 | .0013 
* 

.0125 .0103 .0022 .25 - 1.4 .015 



270 METROPOLITAN WATER SUPPLY [Mar 

Framingham Reservoir No. 3. 

[Parts in 100,000.] 
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1920. 

December . .12 4.90 1.70 .0026 .0114 .0110 .0004 .31 - 1.0 .012 

1921. 

January .15 4.00 1.70 .0012 .0122 .0102 .0020 .28 - 1.6 .015 

February .12 3.00 1.20 .0006 .0092 .0080 .0012 .22 - 1.7 .015 

March . .13 3.50 1.45 .0014 .0116 .0102 .0014 .26 - 1.3 .020 

April . .15 3.80 1.80 .0018 .0162 .0120 .0042 .20 - 1.0 .008 

May .20 4.15 1.50 .0010 .0122 .0106 .0016 .24 - 1.4 .008 

June . . . Alt 4.00 1.00 .0010 .0120 .0114 .0006 .22 - 1.6 .015 

July .15 3.20 1.35 .0026 .0148 .0130 .0018 .26 - 1.1 .005 

August .19 3.90 1.00 .0020 .0142 .0124 .0018 .24 - 1.4 .005 

September . .12 4.25 1.60 .0018 .0122 .0112 .0010 .30 - 1.6 .012 

November . .10 4.65 2.00 .0014 .0100 .0090 .0010 .20 — 1.4 .015 

Average .15 3.94 1.48 .0016 .0124 .0108 .0016 .25 - 1.4 .012 

Ashland Reservoir. 

1920. 
December . .39 3.55 1.50 .0010 .0144 .0124 .0020 .30 - 1.0 .012 

1921. 
January .45 4.80 2.55 .0030 .0148 .0124 .0024 .29 - 1.6 .028 

February .47 5.10 2.20 .0010 .0116 .0098 .0018 .20 - 1.8 .030 

March . .45 5.20 2.25 .0026 .0142 .0132 .0010 .30 - 1.4 .020 

April . .41 4.30 1.50 .0014 .0182 .0164 .0018 .27 - 1.8 .015 

May .52 4.55 1.40 .0012 .0144 .0124 .0020 .24 - 1.1 .020 

June .72 4.30 1.90 .0020 .0170 .0128 .0042 .20 - 1.3 .030 

July .70 4.45 2.20 .0014 .0212 .0186 .0026 .31 - 1.1 .025 

August .80 5.00 2.40 .0010 .0228 .0182 .0046 .22 - 1.0 .035 

September . .70 4.45 1.95 .0018 .0190 .0178 .0012 .22 - 1.4 .020 

October .60 4.15 1.55 .0020 .0130 .0120 .0010 .25 - 1.0 .010 

November . .56 3.75 1.15 .0016 .0176 .0170 .0006 .28 - 1.1 .040 

Average .56 4.47 1.88 .0017 .0165 .0144 .0021 .26 - 1.3 .024 
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jHopkinton Reservoir. 

[Parts in 100,000.] 
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Ammonia. a> 

ALBUMINOID. 
s 
03 

Date. 

C
o

lo
r.

 

T
o
ta

l.
 

L
o
ss

 o
n

 
Ig

n
it

io
n
. 

6 
£ T

o
ta

l.
 

D
is

so
lv

ed
. 

S
u
sp

en
d
ed

. 

C
h
lo

ri
n
e.

 

a 
o 
o 

a 
CD 

SjO 
>> 
X 
O H

ar
d
n
es

s.
 

C 
o 
L, 

b-i 

1920. 
December . .34 4.70 1.80 .0008 .0084 .0084 .0000 .34 1.6 .045 

1921. 
January .50 4.00 1.65 .0036 .0140 .0116 .0024 .35 - 1.3 .040 
February .50 4.50 1.80 .0022 .0112 .0102 .0010 .34 - 1.4 .032 
March . .54 4.85 1.60 .0026 .0142 .0102 .0040 .36 - 1.6 .038 
April . .41 4.10 1.40 .0014 .0156 .0142 .0014 .30 - 1.4 .020 
May .40 4.35 1.90 .0016 .0122 .0110 .0012 .26 - 1.3 .015 
June . .58 4.30 2.05 .0022 .0164 .0142 .0022 .42 - 0.8 .015 
July .50 4.40 2.30 .0006 .0168 .0152 .0016 .32 - 0.6 .015 
August .82 4.80 2.30 .0012 .0182 .0156 .0026 .28 - 1.1 .015 
September . .80 4.85 2.30 .0014 .0186 .0180 .0006 .30 - 1.6 .015 
October .55 4.50 1.90 .0004 .0146 .0114 .0032 .22 - 1.0 .025 
November . .55 4.30 2.05 .0012 .0166 .0128 .0038 .32 - 1.3 .060 

Average .54 4.47 1.92 .0016 .0147 .0127 .0020 .32 - 1.3 .028 

Framingham Reservoir No. 2. 

1920. 
December . .75 6.90 2.55 .0032 .0200 .0192 .0008 .52 - 1.7 .035 

1921. 
January .60 4.75 1.20 .0020 .0160 .0140 .0020 .44 - 1.7 .025 
February .51 5.85 2.80 .0006 .0132 .0110 .0022 .29 - 1.7 .030 
March . .45 4.40 1.90 .0014 .0134 .0100 .0034 .36 - 1.1 .032 

April . .70 5.90 2.20 .0042 .0242 .0180 .0062 .40 - 1.3 .035 

May .51 3.70 1.50 .0030 .0192 .0164 .0028 .38 - 1.1 .040 

June . .90 5.80 2.40 .0026 .0190 .0172 .0018 .50 - 1.6 .040 

July .90 6,95 2.60 .0090 .0236 .0210 .0026 .66 - 1.7 .070 

August 1.28 7.85 3.10 .0114 .0284 .0258 .0026 .64 - 1.7 .080 

September . .90 7.40 2.15 .0090 .0242 .0220 .0022 .85 - 2.2 .080 

November . .62 8.10 2.95 .0042 .0180 .0146 .0034. 1.14 - 2.3 .075 

Average .74 6.15 2.30 .0046 .0199 .0172 .0027 .56 - 1.6 .049 
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Lake Cochituate. 

[Parts in 100,000.] 
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1920. 
December . .10 6.30 2.15 .0022 .0204 .0112 .0092 .60 - 2.2 .015 

1921. 
January .14 6.60 2.90 .0030 .0202 .0184 .0018 .56 - 2.5 .015 

February .15 6.55 1.85 .0006 .0154 .0100 .0054 .56 - 2.3 .018 

March . .15 7.20 3.10 .0026 .0166 .0142 .0024 .64 - 2.3 .030 

April . .15 7.45 2.20 .0010 .0242 .0158 .0084 .56 - 2.6 .010 

May .10 6.65 2.40 .0016 .0184 .0122 .0062 .52 - 2.7 .010 

June . .15 7.05 2.05 .0002 .0176 .0160 .0016 .60 - 2.5 .025 

July .13 6.95 2.25 .0002 .0192 .0148 .0044 .64 - 1.8 .010 

August .15 6.60 2.25 .0020 .0176 .0174 .0002 .58 - 2.9 .005 

September . .13 6.25 2.10 .0016 .0126 .0106 .0020 .54 - 3.0 .005 

October .10 7.00 2.50 .0006 .0242 .0142 .0100 .56 - 2.5 .015 

Average .13 6.78 2.34 .0014 .0188 .0141 .0047 .58 - 2.5 .014 

Weston Reservoir. 

Average for the 

year 1921 . .12 4.19 1.57 .0011 .0118 .0098 .0020 .26 1.2 .013 

Chestnut Hill Reservoir. 

Average for the 

year 1921 . .14 3.94 1.56 .0012 .0114 .0096 .0018 .28 - 1.4 .015 

Spot Pond. 

Average for the 

year 1921 . .08 3.67 1.41 .0012 .0131 .0110 .0021 .30 1.3 .012 

Tap in Revere. 

Average for the 

year 1921 . .06 3.85 1.38 .0006 .0103 .0092 .0011 .29 1.4 
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Abington, population in 1920 and water supply.v 215 

Aeushnet, consumption of water in 1920 . 225 

Estimated increase in population and consumption .... 217 

Proposed inclusion in Southeastern District. 41 

Amesbury, advisability of forming local district. 25 

Andover, advisability of forming local district. 25 

Area of watersheds, Assabet River. 166 

Cochituate Lake. 246, 248 

Lakeville Ponds . . 228 

Millers River .. 184, 187, 203 

Quaboag River. 193 

Quinepoxet River.105, 191 

Sudbury Reservoirs.83, 84 

Swift River. 176, 180, 193, 197 

Swift Reservoir, future diversions. 179 

Wachusett Reservoir. 83 

Ware River. 18, 171, 176, 193, 197 

Watuppa Ponds, North and South. 221, 222 

Assabet River, not recommended as source of supply ..... 16, 170 

Reconsideration of recommendation in 1895 . 166 

Safe yield as emergency supply. 170 

Assawompsett Pond, proposed supply for southeastern Massachusetts 

42, 158, 227 

Athol, relation to proposed Millers diversion.184, 186 

Attleboro, population in 1920 and water supply needs .... 215 

Helchertown, population affected by proposed reservoir .... 198 

Berkley, possible inclusion in Southeastern District. 41 

Bonds of Metropolitan Water District, issues and sinking fund accumu¬ 

lations . . 208,239 

Method of financing. 19, 207, 213, 241 

Sinking fund r. serial bonds. 207, 242 

Braintree, cost of maintenance of water works in 1920 .... 245 

Description of present water supply and its limitations ... 139 

Estimated future increase in population and consumption . . 116 

Increase in population and consumption.110, 112, 139 

Probability of joining Metropolitan Water District .... 140, 149 

Bridgewater, possible inclusion in Southeastern District .... 41 

Brockton, water supply, population and consumption in 1920 . . . 214 

Brookline, cost of maintenance of water works in 1920 .... 245 

Description of present water supply and its safe yield . . . 121 

Estimated future increase in population and consumption . . 116 

Increase in population and consumption .... 110, 112, 122, 154 

Probability of joining Metropolitan Water District .... 123, 149 

Cambridge, cost of maintenance of water works in 1920 .... 245 

Description of present water supply and its limitations ... 118 

Estimated future increase in population and consumption . .116, 120 

Increase in population and consumption ..... 110, 112, 154 

Probability of joining Metropolitan Water District .... 121, 149 
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Canton, cost of maintenance of water works in 1920 . 245 

Description of present water supply and its limitations ... 139 

Estimated future increase in population and consumption . . 116 

Increase in population and consumption.110, 112, 138 

Probability of joining the Metropolitan Water District . . . 139, 149 

Carver, possible inclusion in Southeastern District. 41 

Cemeteries, number of, in Swift area to be flooded. 200 

Charles River, as an auxiliary supply for manufacturing use ... 71 

As supply for Metropolitan Water District. 154 

Chicopee, future water supply of.24, 194 

Cochituate Lake, area, capacity and yield. 85, 246, 248, 257 

As reserve supply after filtration. 14, 246, 249 

Quality of water. 85, 100, 248, 258, 260, 261, 264, 272 

Sanitary census. 248, 259 

Cochituate Water Act, reservations under. 88 

Cohasset, present water supply and increase in population . . . 146 

Possible inclusion in Metropolitan Water District .... 23, 146 

Coldbrook, area of possible reservoir. 171 

Reasons for not recommending storage reservoir.173, 175 

Color, of Lakeville Ponds and its reduction. 230 

Present supplies of Metropolitan Water District 

100, 248, 250, 258, 262, 264, 268 

Proposed supply for Worcester. 191 

Reduction by filtration. 255 

Reduction by storage.. . 230,250 

Standards used. 24S 

Swift River. 180, 200, 265 

Ware River and effect on present supply. 18, 172, 267 

Consumption, past increase and estimated future increase, Metropolitan 

Water District and Newton.59, 82 

Estimated future increase, of "Worcester. 104 

Metropolitan Water District.14, 57 

Near-by cities and towns. 23 

Consumption per capita, causes of erratic variations. 75 

Comparison with large cities in United States. 74 

Effect of high percentage metering.62, 64 

Estimated future increase, Metropolitan Water District . . 14, 80, 82 

Estimated future increase, Metropolitan Water District (minority re¬ 

port) . 32 

Estimated future increase, Worcester. 104 

General increase and causes. 48, 69, 76, 78 

Increase in Boston. 60 

Increase in English cities. 69 

Increase in Metropolitan Water District.13, 58, 60 

Increase in cities and towns in 10-mile limit. 112 

Proportion between domestic and industrial use. 70 

Cost, estimates for additional metropolitan supply from Ware River 5, 19, 205 

Estimates for additional metropolitan supply from Swift River . 204 

Estimates for additional supply for Worcester. 105 

Increase due to delays. 202,211 

Increase over pre-war figures. 19, 203, 240 

Of financing proposed extensions. 240 

Of maintenance in Metropolitan Water District and near-by towns . 245 

Past annual per capita cost of water debt. 208 

To average householder. 49, 77, 79 
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Damages, cost of. I53 

On Ware River, due to complete diversion. 174 

To power plants, due to diversion of flood flows. 189 

To property in area to be flooded.. 199 

Dam and dike for Swift Reservoir, estimated cost. 204 

Feasibility of construction.50, 165 

Location and description of.178, 195 

Dana, decrease in population. 179 

Increase in real estate valuation. 199 

Population affected by proposed reservoir. 198 

Dartmouth, consumption of water in 1920 . .. 225 

Estimated increase in population and consumption . . . . 217 

Proposed inclusion in Southeastern District. 41 

Dedham, description of water supply and its limitations .... 132 

Estimated future increase in population and consumption . . H6 

Increase in population and consumption . . . . 110, 112, 132, 154 

Deerfield River, possible future diversion into Swift Reservoir . . . 193 

Dighton, proposed inclusion in Southeastern District. 41 

Diversion, limited to flood flows.17, 184, 212 

Limit depends on area of watershed taken. 183 

Proposed aqueduct, Millers River to Swift Reservoir .... 186 

Enfield, decrease in population. 179 

Increase in real estate valuation. 199 

Population affected by proposed reservoir. 198 

Essex County District, advisability of formation. 6 

< > Proposed legislation for investigation.. 39 

Fairhaven, possible inclusion in Southeastern District .... 41 

Fall River, description of present water supply and its limitations . . 220 

Effect of metering on consumption per capita. 66 

Estimated future increase in population and consumption . . 218 

Increase in population and consumption. 216 

Proposed inclusion in Southeastern District. 6, 27, 41, 227 

Filtration, general policy of ... . 9 

Of entire supply ultimately.10, 51, 201 

Of Merrimack River supply.26, 160 

Of Sudbury and Cochituate reserve supply . . . 5,14,90,211,246,249 

Rate of filtration. 255 

Reduction of color, organic matter and bacteria. 255 

Financial statement, forecast of ability to meet proposed extensions . 240 

Of Metropolitan Water District. 237 

Of Metropolitan Water District and near-by municipalities . . 245 

Flood flows, diverted for water supply. 8, 17, 173, 182, 187 

Effect of proposed regulation. 182 

Extent of floods on the Swift River. 181 

Ipswich River precedent. 18 

Proposed diversion limit.184, 188 

Yield of Ware, Swift and Millers rivers. 188 
Framingham, negotiations for Wachusett supply. 88 

Freetown, proposed inclusion in Southeastern District .... 41 

Gardner, increase in population. 185 

Great ponds, rights of public for recreation. 11 

Greenwich, decrease in population. 179 

Increase in real estate valuation. 199 

Population affected by proposed reservoir. 198 
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Ground water supplies, inadequacy for metropolitan extension . 21 

Hampden County district, advisability of formation. 6 

Hardwick, population affected by proposed reservoir. 198 

Haverhill, advisability of forming local district. 25 

Highways, length to be flooded, on Swift River. 198 

Hingham, description of water supply and its limitations . . . 141 

Estimated future increase in population and consumption . . 116 

Increase in population and consumption.110, 112, 141 

Holbrook, present water supply and increase in population . . . • 145 

Possible inclusion in Metropolitan Water District .... 23, 146 

Holyoke, future water supply of.. 24, 194 

Hull, description of water supply and its limitations. 141 

Estimated future increase in population and consumption . . 116 

Increase in population and consumption.110, 112, 141 

Income, from water works in the Metropolitan Water District . . 209 

Of Metropolitan Water District available for new works . . . 240 

Ipswich River, color of water . . •. 251, 264 

Precedent for diversion of flood flows.18, 169 

Proposed investigation as supply for Essex County . . .6, 26, 39, 158 

Lakeville Ponds, as source of supply for southeastern Massachusetts 

27, 158, 227, 232 

Character and occupation of adjacent lands. 231 

Quality and color of water. 229 

Safe yield. 228 

Lakeville, town of, proposed inclusion in Southeastern District . . 41 

Lawrence, advisability of forming local district. 25 

Effect of metering on per capita consumption. 66 

Filtered water supply from Merrimack River. 26 

Leakage from mains and extent of possible prevention . . . 13, 73, 76 

Legislation recommended by the Joint Board. 39 

Long Pond, as source of supply for southeastern Massachusetts . . 42, 227 
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